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Annotations 


Herpes simplex virus infection in pregnancy 


The incidence of neonatal herpes simplex virus (HSV) infec- 
tion 1s about 200-500 per 100 000 live births in the USA‘ * 
but has been estimated at two per 100 000 in the UK.’ 
Neonatal HSV results from perinatal acquisition from the 
maternal genital tract in about 85% of cases. Approximately 
5% of cases resuli from transplacental spread resulting in 
intrauterine HSV.* while about 10% of cases are secondary 
to postnatal acquisition.” 


Intrauterine HSV infection 

Nine (4:7%) of 192 infants with neonatal HSV infection 
enrolled in a large prospective US study had evidence of 
intrauterine HSV infection.* These nine babies, and four 
other babies selectively referred to the authors, had a com- 
bination of skin lesions and scars at birth, chorioretinitis, 
microcephaly or hydranencephaly, and microphthalmia. 
Eight mothers were asymptomatic, four had apparent 
primary genital HSV infection (two in the first and two in the 
third trimester), and one mother had recurrent genital 
herpes. The risk of intrauterine infection if the mother has 
proved primary genital herpes in pregnancy is unknown, 
but is probably very small.° 


Maternal HSV infection 

About 70% of bebies with neonatal HSV infection are born 
to mothers with no history of genital lesions. Most neonatal 
cases result from primary maternal HSV infection around 
the time of delivery, as determined by IgM production, 
although the maternal infection may be asymptomatic.' Of 
those asymptomatic women who have HSV detected in early 
labour, about a third have primary genital infection, and 
their babies are 10 times more likely to develop neonatal 
HSV than babies of women with asymptomatic reactivation. 
A distinction has been drawn between women with primary 
genital herpes, who become infected with either HSV-1 or 
HSV-2 in the absence of prior HSV antibodies, and those 
with so called non-primary infection, who have a first 
symptomatic genital infection, usually with HSV-2, in the 
presence of neutralsing HSV IgG antibodies, usually to 
HSV-1. For the USA ıt has been estimated that the relative 
proportions of recurrent, primary, and non-primary HSV 
infections at the time of labour are 91°3%, 2°1%, and 6°6% 
respectively.’ It was originally thought that non-primary 
maternal infections were less likely to lead to neonatal 
infection. However, in a recent study of babies born 
vaginally to asymptomatic women who were found by viral 
culture to be shedding HSV at delivery, infection developed 


in two of five babies of mothers with primary infection and 
four of 13 with non-primary infection, suggesting that ant- 
HSV-1 antibody may not be as protective against HSV-2 
infection as once thought. 

Specific maternal IgG antibody against the relevant HSV 
serotype protects against neonatal infection, but this protec- 
tion is not absolute. Prober et al® and Brown et al’ studied 
babies born vaginally to women with recurrent HSV 
infection who were shedding virus at the time of delivery. In 
the study of Prober et al none of 34 exposed babies became 
infected, and their neutralising antibody levels to HSV type 
2 were significantly higher than those of historically infected 
babies. In the study of Brown et al, one of 33 exposed babies 
became infected. Thus neonatal HSV infection may follow 
recurrent maternal HSV infection, although it 1s more 
common following primary (and non-primary) infection. 


Neonatal infection 
Neonatal HSV infection may be localised to skin, eye or 
mouth, may be generalised to involve the liver, adrenals, 
lungs, and other organs including the brain, may cause 
isolated pneumonitis, or there may be isolated meningoence- 
phalins. The prognosis of all but the first form is poor. 
Without antiviral treatment about 70% of babies with 
localised HSV infection will progress to disseminated 
infection.” With increasing recent recognition that neonatal 
vesicular skin eruptions are often herpetic, specific diagnosis 
by immunofluorescent staining or electron microscopy and 
early antiviral treatment, there has been a marked fall in the 
proportion of cases of neonatal HSV infection in the USA 
that are disseminated, and a concomitant increase in the 
proportion of babies with localised disease. !° 

The two drugs that have been shown to be effective in 
neonatal HSV infection are acyclovir and adenosine 
arabinoside (ara-A), and the two drugs are almost identical 
in terms of mortality and long term morbidity.'’ Even with 
these drugs, however, the mortality of disseminated disease 
is 50-60%. H 

There is considerable concern that neonatal HSV infection 
may cause chronic, insidious central nervous system infection 
leading to progressive neurodevelopmental deterioration. 
Gutman et al described babies with neonatal HSV encephali- 
tis who deteriorated after completing antiviral treatment or 
had progressive deterioration over their first year of life.!? 
Even more alarmingly, Whitley et al found that four of 71 
babies with neonatal HSV infection localised to the skin, 
eyes, or mouth had long term neurological damage.” All 
four babies had HSV-2 and had three or more recurrences of 
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Management of HSV infecucn m pregnancy 
Materai fection Riss to fetusibaby 
Primary in Ist trimester 


First ever lesions at delivery 
fa) Pomary 


<20% of abortion or 
intrauterine infection 


Abcut 50% nsk of 
neoratal HSV 


(b) Recurrence 


(c) Unknown About 30% chance 
; incon is primary 
Recurremt genital herpes, <3% of neonatal 
nO signs or symptoms Hy! : 


"Cultures= nasopharyngeal + zonjunctival viral culture at 24—48 hours of age 


skin vesicles in the first vear of lif. Strong consideration 
should be given to long term oral acyclovir prophylaxis, 
perhaps for a year, for all babies wth neonatal HSV 
encephalitis and for tases with localised HSV-2 infection 
who have three or more skin recurrences. 


Prevention of neonatal HSV infection 

The risk to the fetus of stillbirth or intrauterine infection 
when :he mother ‘has primary gen:tal berpes in the first 
trimester is unknown. but probably small.° Acyclovir 
treatment of the mothe: under these circumstances has not 
been evaluated. Acyclovir appears to cross the placenta only 
in small quantities,’* and its safety for the Terus is unproved, 

so its use does not seer: mdicated. 

The transmission rat2 to babies at hæhest risk, those 
whose mothers have ective, primary genital herpes at 
delivery, is about 50% if they are delivered vaginally.° 
Caesarean section, particulerly if performed within 24 hours 
of membrane rupture, -educes the risk of neonatal HSV 
infection,” although some babies, perheps 15-20%, will 
still be infected. 

In clictical practice, it is not always clear whether a woman 
presenting with her first episode of clinical genital herpes 
infection at delivery has primary or recurreat disease. About 
30% of such women will have primary infection.’ If there is 
not sufficient time to determine whether the mother has 
specific IgM, then it seems wise to advise ceesarean section. 

The risk to a baby of an asymptomatic woman with a 
history of recurrent genital herpes is low.’ ® The baby 
should be delivered vaginally. When a mother with recurrent 
genital 3erpes has act-ve genital lesions at term, either 
symptomatic or on cerv.cal examination, the risk to the 
baby is probably higher than if she is asymptomatic since 
the bab’y is likely to receive a greater viral load. Some 
authorities would advise caesarean secon, although we feel 
that a mare conservative approach is accepzable (see table). 
At present there are insufficient data on safety to advise 
giving acyclovir to pregnant women with HEV infection. 

At one stage it was wicely advocated thet women with a 
history cf recurrent genical herpes should have screening 
cervical viral cultures taken near term, but this would 
prevent very few cases o7 neonatal herpes In the USA ıt 
would cost $1:9 million per case averted anc there would be 
one maternal death from camplications of caesarean section 
for every 10 neonatal cases prevented. "$ Rapid antigen 
detection for HSV in gerital specimens at delivery would 
identify most at-risk babies, but result in a -arge number of 
caesarean sections. Libman et al have analysed different 
strategies for prevention of neonatal HSV infection, and 
concluded that materna’ >shysical examination at onset of 
labour would give the best results in terms of numbers of 
cases of neonatal HSV arerted for least nimber of extra 
caesarean sections.’ 
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Management of baby 
As for recurrent herpes 


*Cultures of caesarean 
secuion performed 
treat with acyclovir 


if itive. 
ri delivers vagınaliy 
with acyclovir if 
ave 
"Cultures: treat with 
acyclovir if positive 
Observe for sms or 
‘cultures and treat 
with acyclovir if 
positive 


Caesarean section 


Vaginal delivery 


There is no clear consensus as to the management of 
asymptomatic babies born to women with genital herpes 
under the different circumstances described above. The 
alternatives are that the baby should be treated with 
acyclovir from birth, should have nasopharyngeal and 
conjunctival viral cultures taken at 24-48 hours of age 
(indicating true colonisation rather than surface colonisa- 
tion), and be treated with acyclovir only if positive, or 
should simply be observed and treated if symptomatic.!” 
Evidently the greater the risk of neonatal HSV developing, 
the more reasonable it is to use aggressive intervention. 
Possible strategies are outlined in the table. Any at-risk 
baby with signs suggestive of neonatal HSV infection should 
be treated with acyclovir or ara-A until the baby’s infection 
status is clarified. 


DAVID McINTOSH 
DAVID ISAACS 
Department of Immunology and Infectious Diseases, 
Royal Alexandra w for Children, 
Camperdown, NSW 2050 
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Kidney function in the very low birthweight infant 


In recent years there have been considerable advances in 
understanding the mechanisms of how the kidney grows and 
develops, which have shed light on the aetiology of some 
renal malformations and physiology.’ During fetal life the 
excretory role of the kidney is minimal and even the 
anephric fetus enjoys biochemical homoeostasis. Fetal urine 
production begins at about 10 weeks of gestation increasing 
progressively to 28 ml/hour at term. Birth immediately 
imposes an excretory and fluid conservatory role on the 
neonatal kidney. The term baby is well adapted for the 
demands of postnatal life. In contrast the very low birth- 
weight (VLBW) baby’s renal function is more immature 
and the maintenance of normal fluid and electrolyte balance 
is difficult. Significant hyponatraemia (serum sodium 
concentration less than 130 mmol/l) occurs in up to 43% of 
babies less than 30 weeks’ gestational age.* The difficulties 
of maintaining electrolyte homoeostasis are further com- 
pounded because the volume of distribution of sodium 
changes with extracellular fluid volume decreasing from 
62% at 16 weeks to 43% at term.? The VLBW infant is, 
therefore, in a state of relative overhydration. In the sick 
VLBW infant with asphyxia, sepsis, intracranial haemorr- 
hage, pulmonary disease or renal failure, high circulating 
concentrations of antidiuretic hormone and atrial natriuretic 
factor make electrolyte requirements more unpredictable. A 
better understanding of the renal function of the VLBW 
infant is needed if appropriate management strategies are to 
be developed and the series of papers by Barry Wilkins in 
this edition of the journal sheds further light on some 
aspects of their renal adaptation.*~’ 

Nephrogenesis proceeds under a complex series of 
controls and is complete at 36 weeks’ gestation with the full 
compliment of 1 million nephrons. After birth glomerular 
filtration rate increases in a preordained way from a mean 
of 0°6 mi/minute at 26 to 1:4 ml/minute at 33 weeks’ 
postconceptional age. Uncomplicated respiratory distress 
syndrome does not affect this maturation. Plasma creatinine 
concentration, which is generally used as a simple measure 
of glomerular filtration rate, is of limited value in the 
VLBW infant because of the wide normal ranges and the 
presence in the plasma of substances which interfere with its 
measurement. In these studies Dr Wilkins has measured 
true plasma creatinine but even so the normal ranges are 
wide, making the diagnosis of renal insufficiency difficult. 

Hyponatraemia is a common problem in VLBW infants.’ 
Theoretically it may result from excessive sodium loss, 
water retention, or redistribution of sodium within body 


fluid spaces. Its management is controversial: some suggest- 
ing water restriction, others sodium supplementation. 
Correct management requires knowledge of the plasma and 
urine urea, creatinine, electrolytes, their volumes of distri- 
bution in body fluid spaces, and urine flow rates and these 
studies provide information about them. Timed urine 
collections are difficult to obtain and the formula derived by 
Wilkins: urine flow rate, V=90-5/urine creatinine (mol/l) 
could prove useful to tailor urine, water and electrolyte 
losses, although information based upon single urine 
samples must be interpreted with caution because of the 
large fluctuation in urine flow rates observed in these 
babies. Using this formula a wide range of urinary sodium 
losses up to 21 mmol/kg/day was observed, lending support 
to those who recommend sodium supplementation. How- 
ever, VLBW infants are in a state of relative hypervolaemia 
and the increased urinary losses may be physiological.’ 
Measurement of the extracellular fluid and circulatory blood 
volumes would help to resolve this dilemma, but there is no 
simple reliable technique to do so. Body weight changes are 
imprecise in ventilated babies with intravenous catheters 
and infusion lines. High plasma urea concentrations are not 
helpful either as they may reflect increased catabolism 
rather than dehydration. 

There is still much we do not understand about the renal 
function of the VLBW baby. A better understanding of the 
physiological changes is needed to improve the management 
of the fluid and electrolyte problems they present. This 
series of papers by Wilkins provides some helpful observa- 
tions that will be useful to tailor the fluid and electrolyte 
management of individual babies to their requirements. 
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Renal function in sick very low birthweight 
infants: 1. Glomerular filtration rate 


Barry H Wilkins 


Abstract 

A total of 135 measurements of polyfruc- 
toside clearance as a measure of glome- 
rular filtration rate (GFR) were made in 
=9 infants of 25°5-33 weeks’ gestation, 
birth weight 720-2000 g, between the ages 
cf 0:5 and 33 days. GFR was related to 
Tostconceptional age and increased ex- 
yonentially from geometric mean 0:59 
ml/min at 26 weeks’ postconceptional age 
to 1°40 mi/min at 33 weeks. GFR in the 
first week and GFR at later ages were the 
same for a given postconceptional age. 
GFR was the same in sick infants with 
severe ventilatory failure as in less ill 
infants. There was no evidence that GFR 
was influenced by nitrogen input. GFR 
increases postnatally in a prepro- 
g-ammed way irrespective of other post- 
natal events. When factored by body 
weight GFR in the first week increased 
only little from arithmetic mean 0-70 
rV/min/kg at 26 weeks to 0:84 ml/min/kg 
at 33 weeks, but older infants often had a 
falsely high GFR per kg when they lost 
weight in the first week or two after birth 
pt failed to gain weight later. 


Ach Dis Child 1992,67:1140—5) 


There have been many but conflicting 
cenorts concerning the maturation of 
glomerular oltraticn rate (GFR) in preterm 
sntants.-!© Most emphasise that GFR is low 
compared with that in older children, and 
that this limits excretory ability, and that 
there is a rapid postnatal increase. Measure- 
ment of GFR and other aspects of renal 
function is more difficult in the smallesi 
infants especially in the first week when they 
mey be oedematous and ill and because of 
interent difficulties with urine collection, 
end much of the discrepancy between studies 
ray reflect experimental differences. Careful 
studies have shown that GFR increases after 
tirh slowly and progressively in a pre- 
programmed way dependent only on post- 
cocceptional age in well preterm infants.! ? 
Few studies have examined GFR in the 
s.ckest and most immature infants. 

The purpose of -he present study was to 
refine existing methods of measuring GFR by 
pol-fructoside clearence and to examine post- 
nazal changes in GFR in very low birthweight 
infents including some with severe respiratory 
disease. The study had health authority ethi- 
cal sommiuttee approval and informed parental 
cosent was cbtained. 


Patients and methods 

This study was part of a wider study of renal 
glomerular and tubular function in 42 very 
low birthweight infants, chosen to be studied 
in the first postnatal week, and later if pos- 
sible. Gestation at birth was 25-5-33 weeks, 
birth weight 720-2000 g. Two infants were 
over 1500 g. The exact timing of the studies 
was difficult because so many different events 
befell the patients that it was impossible to 
perform clearance studies at the same age and 
on the same number of occasions in all sub- 
jects and clearance studies were only per- 
-ormed when intravenous treatment was 
being given. The polyfructoside used was 
Polyfructosan-S (Laevosan~-Gesellschaft), an 
inulin substitute hereafter called PF-S. Many 
experiments failed and were irretrievable 
because of interruption of the PF-S infusion 
or acute clinical deterioration requiring resus- 
citation or admunistration of plasma. Some 
subjects received various drugs occasionally 
(for example frusemide, aminophylline boluses, 
indomethacin, digoxin, and vancomycin) or 
plasma for volume replacement that might 
interfere with results, so they were not studied 
for 24-48 hours afterwards. Most did receive 
aminophylline, which is routinely used as a 
respiratory stimulant, bemg commenced 
between age 2 and 14 days. The author has 
found no evidence of significant renal effect of 
chronic aminophylline administration.'! 

Ail patients were managed clinically by 
neonatal physicians. Water treatment was 
started according to the regimen: 60, 90, 120, 
150, 150, etc mi/kg/day (days 1, 2, 3, 4, 25) 
for infants >1500 g; 80, 120, 150, 180, 180, 
etc for 1000-1500 g; and 100, 130, 150, 180, 
200, etc for <1000 g. Sodium was started at 
3. 4, and 5 mmol/kg/day in these three 
weight groups from the second day. There 
was complete freedom to vary these regi- 
mens according to individual circumstances. 
Extra sodium was only given in response to 
evidence of sodium depletion with hypo- 
natraemia and high urine sodium losses. 
Tais was common after the middle of the 
second week. Potassium was given from the 
second day at 1-2 mmol/kg/day and was 
rarely varied. Glucose was started at 6-8 
mz/kg/min (as 10% glucose) and changed 
according to blood glucose concentration. 
Nitrogen was given as Vamin 9 glucose 
(KabiVitrum) 40 ml/kg/day (380 mg nito- 
gen/kg/day) from the third day when tole- 
rated. Actual water, sodium, potassium, and 
nitrogen inputs are summarised in the table. 
One baby had prenatal steroid. 
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Mean, minimum, and maximum water, sodium, 
potasstum, and nurogen inputs for all mfants tn the two age 
periods 3-10 days and 11-21 days 





3-10 days 11-21 days 
Sodium (mmol/kg/day) 
Mean (min, max 47(1 2,97) 6 2 (1 2, 12 3*) 
Potassium (mmol/kg/day) 
Mean (min, max 1 6 (0, 3-5) 1-9 (0, 4 2) 
Water (mi/ke/day) 
Mean (mun, max) 152 (77, 233) 154 (84, 222) 


Nitrogen (mg/kg/day) 


Mean (min, max) 230 (0, 476) 218 (0, 560) 


“One mfant who was severely sodium depleted received 
18 mmol/kg sodrum on day 21 


The infants were evenly distributed about 
the 50th weight centile according to the 
growth charts of Keen and Pearse.!? Four 
subjects never lost weight after birth, one less 
than and three greater than 28 weeks’ gesta- 
tion. Three of these developed patent ductus 
arteriosus (PDA) at 3 to 7 days of age when 
their weights had increased by 2%, 5%, and 
8%. A further two gained weight initially 
before eventually losing weight. These two 
also developed PDA at 2 and 6 days with 
weights equal to and 4% above birth weights. 
All the other subjects lost weight after birth, 
reaching a nadir at 3 to 10 days when weight 
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Figure 1 GFR uncorrected for body size as a funcnon of postconcepnonal age (n=135). 
Sequential potnts are jomed for indrurdual subjects, 
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Figure 2 Log,, transformaton of fig 1 for three age groups (postnatal age) The diagonal 
solid mes are the regression kne £2 residual SDs (approximate 95% es limits) 

for those pomts which are the first for each baby tm the first postnatal week but older than 
24 hours (n=36) The regression kine 1s. Log,, GFR (ml/nen)=—1 615+0-0534x 
postconceptional age (weeks). The dashed lines show the approxvmate 95% tolerance lemuts 
recalculated from Coulthard (1985)? for the first measurement in the first week 
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was 3% to 23% below birth weight. Twelve 
of these developed PDA at 2 to 8 days when 
weight was up to 23% below birth weight. 
In eight of these 12 the PDA developed when 
the weight was more than 10% below birth 
weight. In the subjects who lost weight, birth 
weight was regained at age 10 to 31 days 
(median 17). In those less than 28 weeks’ ges- 
tation the median was 24 days and in those 
greater than 28 weeks 13-5 days. 

Six subjects did not have respiratory distress 
syndrome, 16 had severe respiratory distress 
syndrome with an alveolar-arterial oxygen par- 
tial pressure difference (AaDpo,) greater than 
13-3 kPa (100 mm Hg) at any ume. Only two 
did not receive assisted ventilation. Three 
babies died while being studied and two died 
later. No patient had anuria, haematuria, or 
proteinuria or any other evidence of acute 
tubular necrosis before or during the studies. 

A total of 135 measurements of PF-S clear- 
ance were made in 39 infants, between the 
ages of 0-5 and 33 days. On 37 occasions the 
single injection method was used and in the 
remainder the constant infusion method. Both 
methods have been described previously.!3-5 
For the single injection method 200 mg/kg 
PF-S was injected intravenously smoothly 
over 3—6 minutes. Samples of 0-1 ml arterial 
blood were taken at 10, 40, 80, 120, 180, 
360, and 480 minutes and GFR calculated 
from the area under the concentration time 
curve by: 


GFR=PE-S injected/area under curve 


For the continuous infusion method a 25 
mg/ml solution in water was infused intra- 
venously at 0-6 ml/kg/hour through a 0-22 um 
filter using a Graseby MS2000 syringe pump 
accurate to 1%. For the first eight hours of 
the infusion, the infusion rate was at exactly 
double this final infusion rate which was then 
continued for 24 hours or more before 0-6 ml 
blood samples and fresh voided urine samples 
(aspirated from cotton wool balls) obtained. If 
the infusion ever became extravascular the 
cannula was replaced within one hour and at 
least stx hours added to the infusion time 
before sampling. GFR (ml/min) and urine 
flow rate (urine volume or renal water excre- 
tion rate, ml/day) were calculated by: 


GFR=PF-S infusion rate/plasma PF-S 
concentration 


Urine flow rate=PF-S infusion rate/urine PF-S 
concentration 


Urea excretion rate (mmol/day) was calcu- 
lated by: 


Urea excretion=urine flow ratexurine urea 
concentration 


PF-S concentration was measured in dupli- 
cate 13 ul samples of plasma, diluted urine, or 
infusate using a modification by the author of 
the cysteine/tryptophan/sulphuric acid method 
with an alkali denaturing step to remove in- 
terfering sugars.!+!6 This method is highly 
sensitive and specific and the coefficient of 
variation was less than 2% for sample con- 
centrations of 0-1 to 0:5 mg/ml. 
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Results 

Figure 1 shows all the results for GFR plotted 
against postconceptional age. This scatter- 
gram and figs 2, 4, and 5 include a mixture of 
cross sectional and longitudinal data. There is 
a steepening increase in GFR with increasing 
postconceptional age between 26 and 34 
weeks. The relationship is approximately 
exponential (fig 2). The range of raw GFR 
widens with increasing postconceptional age 
whereas the range of the logarithm of GFR 1s 
approximately constant. The geometric mean 
of GFR ıs 0°59 ml/min (95% tolerance inter- 
val 0-40 to 0:90 ml/min) at 26 weeks’ post- 
conceptional age and 1:40 ml/min (0:90 to 
2°10) at 33 weeks. 

The diagonal continuous lines in fig 2 are 
the logarithmic least squares regression line 
and the approximate 95% tolerance limits 
(mean +2 residual SDs) for all those points 
which represent the first measurement made 
in each of 36 infants at less than 1 week of age 
but greater than 24 hours. This avoids bias 
from the inclusion of multiple measurements 
from individuals. The regression slope, 0:053, 
is significantly different from zero (95% confi- 
dence interval 0-039 to 0-067, p<0-0001). 

Figure 3 shows GFR factored by body 
weight plotted against postconceptional age. 
Not all babies were weighed every day in 
which case the most recent weight was used, 
but if the infant’s weight was less than the 
birth weight then the birth weight was used. 
This was the case in the majority of points on 
this graph. The regression line and tolerance 
limits are shown for the first measurement 
made on each baby at 1 day to 1 week, as in 
fig 2. The general relationship is linear for 
measurements less than 1 week, but these 
points are as a whole lower than those at 
greater than 1 week which confirms that in the 
majority of individuals GFR factored by 
weight increases more steeply with age. GFR 
in the first week increased only little from 
arithmetic mean 0:70 ml/min/kg (95% toler- 
ance interval 0-45 to 0:95) at 26 weeks to 0-84 
mi/min/kg (0°59 to 1-09) at 33 weeks. The 
regression slope, 0-0205, is only just signifi- 
cantly different from zero (95% confidence 
interval 0-0004 to 0-0406). This slope is 
reduced to zero if GFR is factored not by 
weight but by weight raised to the power 1-3 
(weight! 3). 

Five measurements made by single injection 
PF-S clearance between 12 and 24 hours of 
age all fall within the tolerance interval for 
later measurements in the first week, although 
low in the range, suggesting that the immedi- 
ate rapid postnatal increase in GFR to its final 
level occurs in about 24 hours. 

For the 36 first week measurements a SD 
score has been calculated for GFR from fig 2, 
being the vertical distance in residual SDs 
from the regression line. This is plotted 
in fig 4 against simultaneously measured 
AaDpo, ım 31 cases. The regression slope, 
—~0-00087, is not significantly different from 
zero (95% confidence interval —0-00355 to 
+0-00181). Similarly, there was no relation- 
ship with arterial:alveolar oxygen partial pres- 
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sure ratio, or with Fio,, arterial Po,, Pco,, pH, 
or base deficit. There was no trend for the SD 
score to vary with the age at which the GFR 
was measured in the first week. 

One baby who had a steeper than normal 
rise in GFR (No 35, fig 1) had a high amino 
acid input (>300 mg nitrogen/kg/day) and a 
high urea nitrogen excretion in the four days 
before the final measurements at the end of the 
first week. Another, number 41, had a high 
nitrogen input but low excretion. Baby number 
25 had a fall in GFR but a high nitrogen input 
and low excretion. In order to investigate 
whether GFR is influenced by intravenous 
amino acid input, SD scores were calculated 
for all GFR measurements in the first two 
weeks from the regression in fig 2. Linear 
regression analysis was then used to show how 
these scores varied with nitrogen input in the 
preceding 24 hours, with urine urea nitrogen 
excretion, with the difference between nitrogen 
input and excretion, and with plasma urea con- 
centration. All regressions were non-significant 
except for that for urea excretion (regression 
slope 0-0041, 95% confidence interval 0-0008 
to 0-0074) where there was a tendency for 
higher urine urea excretion to be associated 
with higher GFR in the first week. This sug- 
gests that the urea load being excreted may have 
some effect on GFR, but is clearly not the only 
cause of variation between individuals. There 
was no relationship between plasma urea or 
recent nitrogen input and GFR. 


Discussion 

The constant infusion method assumes that 
the plasma inulin concentration is constant 
with the infusion rate of inulin equal to the 
urinary excretion rate. This steady state 
requires at least four hours in adults. The 
method has been validated in adults and new- 
borns}? 17 18 and carries some advantage over 
the traditional method in that it avoids the 
need for timed urine collections which, in the 
absence of high urine flow rates, are liable to 
inaccuracy especially in very small subjects. 
However, it is most important that the 
assumption that infusion rate is equal to the 
excretion rate is justified. In the preterm new- 
born the time required after commencement 
of such an infusion may be up to 48 hours in 
some cases before plasma steady state is 
reached or 24 hours after a priming double 
rate infusion of eight hours.!* 15 Some studies 
have assumed that steady state is reached after 
periods of only a few hours, and their results 
may thereby by invalidated.1* The single 
injection method is also reliable and accurate 
if sampling 1s continued for 8-10 hours after 
the injection and the laboratory inulin assay is 
very accurate and precise./4 


MATURATION OF GFR 

The present study supports the view that 
GFR increases in a programmed way,! ? at 
least from 26 weeks’ gestation and from the 
second postnatal day, which 1s unaffected by 
the gestation at birth. In the majority of 
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infants studied, GFR matures after birth 
slowly and progressively, irrespective of 
changes in body weight and of various patho- 
logical events including respiratory disease. 

An impression is gained from fig 2 that the 
crosses and triangles are scattered in approxi- 
mately the same distribution. This impression 
is supported in fig 1, where the lines joining 
successive measurements in individuals follow 
the general trend of the group as a whole, 
approximately parallel to the regression line. 
There are some exceptions where there is a 
steeper increase (for example babies 35 and 
41) or shallower or even a decrease in GFR 
(for example babies 25 and 40) as post- 
conceptional age increases. These exceptions 
may be due to genuine differences in the mat- 
uration of GFR, or may be partly explained by 
methodological imprecision. 

Apparent rapid increases in GFR after birth 
are most likely to be due to cessation of 
growth and the factoring of GFR by a 
weight or surface area which is falsely low as 
in fig 3.2 19 Weight loss is common after birth, 
particularly in preterm babies, even those who 
do not have serious illness. It is not surprising 
that there is an increase in GFR, unfactored 
by any parameter of body size, with increasing 
maturity, because in the last trimester of preg- 
nancy there is rapid increase in fetal weight 
paralleled by an increase in kidney size. 
Although this maturation of GFR has been 
described here and by others as ‘logarithmic’! ? 
this is in fact an arbitrary label which con- 
veniently describes the steepening increase in 
GFR within the 25 to 40 weeks’ postconcep- 
tional age range. There 1s no implication that 
the fetal GFR at a given postconceptional age 
is the same as that of an infant already born. 
The little information on GFR before birth 
suggests that GFR is lower and increases after 
birth rapidly to the level observed within these 
studies within 24 hours after birth.?™?2 At any 
given gestational age, therefore, the kidney 
before birth has matured such that it has the 
capacity to attain a normal postnatal GFR as 
soon as the postnatal circulatory changes have 
been effected after 24 hours. Even at gesta- 
tions as low as 26 weeks the kidney has the 
capacity to assume its excretory role long 
before the fetus is in fact due to be born, 
and this capacity is achieved by the second 
postnatal day. Even the five measurements 
between 12 and 24 hours age fell within the 
95% tolerance interval. It is unlikely that the 
maturation of GFR is caused by volume 
expansion and/or excessive sodium input 
because most infants were volume contracted 
despite moderate sodium supplementation 
since birth. 

The results are very similar to those of 
Coulthard who measured GFR in 39 rela- 
tively healthy infants of gestation 27 to 40 
weeks at birth using a 24 hour continuous 
inulin infusion technique.” Linear regression 
has been reperformed on Coulthard’s original 
raw data.? When only samples from infants 
less than 34 weeks’ gestation at birth are 
included, with no repeated observations, to 
make comparison with the present study more 
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meaningful, the number of observations was 
23. Ther2 is no difference between the regres- 
sion (slope 0-)208, intercept -1-54) and that 
of the present study. Coulthard’s tolerance 
interval is somewhat wider, shown by the 
dashed lines ir fig 2. The apparent rapid post- 
natal increase in GFR/kg was abolished when 
the weight used zo factor GFR was a projected 
weight (a theoretical weight as if growth 
continued at a normal intrauterine rate). 
Therefore th2 apparent acceleration of 
GFR/Kg in some babies was due to a tempo- 
rary cessetion of body growth whereas the 
GFR continued to mature at an apparently 
preprogrammed rate. A similar exercise in the 
present study yields a similar result but is not 
Ulustrated beceu3e of the arbitrary nature of 
projected weigft. 

Similar results were also obtained by Al- 
Dahhan et al using creatinine clearance.} 
Between 28 ard 42 weeks’ postconceptional 
age, creatinine clearance increased in an 
approximately exponential fashion when 
uncorrected for body size. Their regression for 
log GFR against postconceptional age (slope 
0-07) was just cutside the 95% confidence 
intervals of the present study. The range was 
wider at lcwer zestations, but not as wide as 
that of Coulthard,? 0-35 to 1-1 ml/min at 
29-30 weeks ani 0-9 to 2-0 at 34 weeks. GFR 
seemed to increese rapidly from 32 weeks 
because of its approximately exponential 
shape. Their regression line for first week 
measurements vas no different from those at 
more than 26 dzys, suggesting that GFR after 
birth depends cn postconceptional age, not 
postnatal age, as in the present study where 
there are more measurements in infants less 
than 28 wezks’ gestation and more sequential 
measurements than previously. 


WEIGHT AS STANDARD FOR GFR 

No attempt has been made in the present 
study to faczcor GFR by body surface area or a 
function of body length”? because it has been 
shown that weight is the best standard.!9 #4 All 
previous measur2ments of GFR in preterm 
infants emphasise that this quantity is low 
compared with more mature and older indi- 
v.cuals. But what is meant by ‘low’ GFR in an 
immature infant?‘ Even when corrected for 
brojected weight a3 in Coulthard’s study? GFR 
s lower in he most immature subjects than 
nore mature. Tis may be accounted for by 
-he lower metabalic rate of the more imma- 
“ure individuals who should be growing fast. 
“jrowth has deen described as a ‘third kidney’, 
because it reduces the need for renal nitrogen 
excretion. 

The relationsh:p between GFR and body 
cize is complex. kt is conventionally accepted 
that GFR is most likely to relate to the basal 
metabolic rate, since the principal function of 
glomerular filtration is the excretion of waste 
products of metabolism. It is useful that in 
ecults and older caildren metabolic rate corre- 
lates well with, aad is proportional to, body 
surface area or weight ° 67.75 Small adult mam- 
rials have higher metabolic rate/kg but this 
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relationship does not extend to infants.!9 
Barratt has argued that extracellular volume 


. would be more appropriate because this is the 


domain which is actually filtered.*° But this is 
illogical because the extracellular fluid is only an 
intermediate vehicle for excretion of metabolic by 
products. The vohwne of the extracellular fluid 
does mot determine the concentration of 
metabolic waste products therein, but rather the 
production rate and the GFR (extracellular fluid 
concentration=production rate/GFR for a sub- 
stance completely cleared by glomerular filtra- 
ton). Intracellular fluid volume (if it could easily 
be measured) might be a better standard because 
it is likely that metabolic rate will be proportional 
to cell mass. In the present study GFR must be 
factored by weight! ? in order to abolish the trend 
with increasing postconceptional age. This is dif- 
ferent from older children but not unexpected 
because more mature and therefore larger babies 
have a higher cell mass per kg.?” It may therefore 
be inappropriate to refer to GFR as being low 
when ın fact it is entirely appropriate for the 
infant’s metabolic needs. It is a different matter 
when considering the excretion of drugs because 
the low GFR and the relatively high extracellular 
fluid volume will demand an increased unit dose 
and a longer interdose interval. 

In practice, expressing GFR as factored by 
body weight (birth weight or latest weight, 
whichever is higher) will be the most valuable 
and easiest, so long as it 1s realised that this 
will result in different ‘normal ranges’ at dif- 
ferent gestations, and at different ages, as seen 
in fig 3. 


THE INFLUENCE OF PROTEIN INTAKE ON GFR 

A further question is whether the postnatal 
increase in GFR that occurs despite the illness 
and weight loss of the infants is promoted by 
either the catabolic state with endogenous 
urea production or the exogenous nitrogen 
that is administered, and secondly whether 
sodium wastage may be in part caused or 
worsened by such a forced increased in GFR. 
High protein intake has been shown to 
increase GFR in healthy adults and infants,*° 
suggesting that there is a renal reserve avail- 
able to promote the excretion of increased 
nitrogenous waste. In healthy immature new- 
borns, in the presence of an increased renal 
urea load there is an obligatory increase in 
urine osmolality (presumably caused by urea), 
GFR, and sodium excretion.?® These findings 
suggest that high protein intake may not be 
desirable in sick immature infants who cannot 
anabolise the administered protein and who 
have high urea production and high plasma 
urea. The present study has not convincingly 
demonstrated an effect in sick very low birth- 
weight infants. This needs further study but 
accurate nitrogen balances would be needed 
and total urine nitrogen should be measured, 
not just urea. Urea as a marker of renal func- 
tion is further discussed in part 2.79 


THE EFFECT OF RESPIRATORY FUNCTION ON 
GLOMERULAR FUNCTION 
Although perinatal asphyxia has often been 


Renal function m sick very low birthweight mfants: 1. Glomerular filtration rate 


associated with acute renal failure in term 
infants, changes in renal function have also 
been found in preterm infants with milder 
degrees of hypoxia or acidosis. The literature 
on renal function in infants with respiratory 
distress syndrome is mixed and confusing, 
some reporting no reduction in GFR, others 
that such babies have poor renal func- 
tion.8 30-35 The pathophysiological changes 
associated with hyaline membrane disease, 
including asphyxia, hypotension, poor tissue 
perfusion and acidosis, are thought to account 
for what has been called this functional renal 
failure in such infants. The apparent decrease 
in GFR appears to be related to the severity of 
the respiratory distress syndrome and has 
been thought to be partly responsible for the 
impairment of free water excretion. This 1s a 
little difficult to interpret because the problem 
ig really confined to the first few days after 
birth when the methods for measuring GFR 
may not be reliable. None of the babies in the 
present study developed any reduction in 
GFR despite many having birth asphyxia or 
severe respiratory disease later. Other factors 
including antidiuretic hormone, atrial natn- 
uretic peptides, adenosine, and prostaglandins 
are likely to be involved in the genesis of olig- 
uria.26-38 This will be considered further in 
part 3,39 
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Renal function in sick very low birthweight 
infants: 2. Urea and creatinine excretion 


Barry H Wilkins 


Abstract 

Plasma urea and creatinine concen- 
trations ard urea and creatinine clear- 
ances and 2xcretion were measured in a 
sample of 40 infants of 25:5-33 weeks’ 
gestation, birth weight 720-2000 g, 
between the ages of 0°5 and 33 days. 
Creatinine excretion rate was between 60 
and 120 umpl/kg/day in the first five post- 
natal weeks (mean 90-5) and was inde- 
pendent of sex or growth retardation. 
This can be used in clinical practice to 
estimate instantaneous urine flow rate V, 
if the creatinine concentration is mea- 
sured in a randomly voided urine sample, 
from the formula V=90-5/urine creatinine, 
with 95% confidence limits +39%. There 
is a wide raage of plasma creatinine at all 
gestations and ages decreasing from 
range 75-139 mol/l in the first two days 
to 35-80 jimol/l at 3 weeks of age. Plasma 
urea is a poor indicator of glomerular 
filtration rete (GFR) in sick preterm 
infants. GFR (ml/min/kg) can be esti- 
mated from plasma creatinine from the 
formula GFR=69-2/plasma creatinine but 
this estima-e is imprecise with 95% 
confidence Limits +46%. Urea:creatinine 
clearance ralio was usually less than 1-0 
(range 0-18 zo 1:5) and was lower when 
the urine flow rate was low. Urea excre- 
tion was up to 17 mmol/kg/day in the first 
two weeks, higher in the more immature 
infants. These high levels were paralleled 
by a high plasma urea concentration, up 
to 18 mmol/L A high plasma urea is not 
necessarily associated with renal failure 
or dehydraticn. 


(Arch Des Child 1992:67:1146—53) 


The clinical management of sick preterm 
infants require; meticulous attention to many 
espects of physiology and to the daily pre- 
scribing’ of weter, salts, and nutrition. Renal 
physiology ofen receives scant attention 
because plasma creatinine is the only acces- 
sible index of renal function, and even this 
may be unreliable because of interfering sub- 
szances in routine methods. Although urine 1s 
easily obtainable it is rare for neonatal units to 
measure urinazy indices of renal function 
routinely. In prescribing intravenous water 
and electrolyte treatment it may be useful to 
have a day to day, or even more frequent, esti- 
mate of renal excretion of water, sodium, 
potassium, etc Such an estimate may be 
>>tained without the tedium and inaccuracy 


of timed urine collections by relating urine 
concentration to creatinine, provided creati- 
nine excretion rate is not scattered too widely. 
The few reports of creatinine excretion so far 
are not encouraging in this respect! but most 
have relied on timed urines for their measure- 
ment. Plasma urea is a poor guide to glomeru- 
lar function in all subjects but has received 
little attention in the sick preterm newborn. 
The purpose of the present investigation 
was: (1) to establish a normal range for 
plasma creatinine in sick infants less than 33 
weeks’ gestation at various ages using a creati- 
nine method which measures true creatinine 
without interference; (2) to establish a normal 
range for creatinine excretion and thereby 
derive formulas to estimate glomerular filtra- 
tion rate (GFR) and urine flow rate from plas- 
ma and urine creatinine; and (3) to investigate 
the usefulness of plasma urea as an indicator 
of renal function by examining the relation- 
ship between urea and creatinine clearance 
and between plasma urea and urea excretion. 


Patients and methods 

This study was part of a wider study of 
glomerular and tubular function in very low 
birthweight infants. Altogether 40 infants 
were chosen who could be studied in the 
first postnatal week, and later if possible. 
Gestation at birth was 25-5-33 weeks, birth 
weight 720-2000 g. Further clinical, experi- 
mental, and laboratory details are given in 
part 1.’ 

Plasma creatinine and urea concentrations 
were measured sequentially in 40 infants up 
to age 3-33 days. Urine flow rate was mea- 
sured on 124 occasions in 39 infants by a con- 
tinuous infusion Polyfructosan-S (PF-S, 
Laevosan-Gesellschaft) clearance method,® ° 
between the ages of 0:5 and 33 days. Urine 
flow rate (urine volume or renal water excre- 
tion rate, ml/day) was calculated by: 


Urine flow rate=PF-S infusion rate/urine PF-S 
concentration 


Creatinine excretion rate ({umol/day) was cal- 
culated by: 


Creatinine excretion=urine flow ratexurine 
creatinine concentration 


Urea and sodium excretion rates (mmol/day) 
were similarly calculated. Plasma and urine 
creatinine were measured by a modification® 
of a resin adsorption method?!? !! which avoids 
the positive interference of non-creatinine 
chromogen and the negative interference of 


Renal funcnon m sick very low birthweight infants: 2 Urea and creatinine excrenon 


) 


Plasma creatinine 


(umol 


ee ee a | 
= 
83B 8 & 


bilirubin. The resin adsorbs creatinine but not 
substances that normally interfere with the 
Jaffé creatinine assay. Approximately 6 mg 
Dowex 50W-X8(H) 200-400 mesh ion ex- 
change resin is added to the samples. After 15 
minutes the resin is washed twice and the cre- 
atinine eluted with 600 ul alkaline picrate. 
The opncal density of the supernatant is mea- 
sured at 515 nm. The reaction is linear and 
for a plasma creatinine of 100 mmol/l optical 
density is 0-068. The coefficient of variation is 
4-4% at 69 umol! and 2-4% at 499 pmol/l. 
Yield for creatinine added to plasma or urine 
was 95-105%. Bilirubin, glucose, proteins, 
and ketones did not interfere. 

Plasma urea was measured by an enzymatic 
colorimetric method on a Technicon RA- 
1000 multichannel discrete autoanalyser 
where ammonia 1s produced from urea by a 
urease enzyme and combines with 2-oxo- 
glutarate and NADH to yield L-glutamate and 
NAD. The coefficient of variation 1s 2:7% at 
2:5 mmol/l and 1-1% at 17 mmol/l. Urine 








* 25-29 weeks (n=22) 
a 29-33 weeks (n=18) 





Aga (days) 


Figure I Plasma creatinine concentration (resin adsorption method) as a function of 
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postnatal age for two gestational groups (n=367). Sequennal measurements are joined for 
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Figure 2 Creatinine excretion rate as a function of postnatal age (n=123). 


measurements in indroiduals are included. The 
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The dotted horizontal ines are the mean (90-5 


umol/Rkg/day) +2 SDs for all measurements 
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urea concentration was measured on a 
Technicon SMAC 3 system by a photometric 
method which depends on the formation of a 
chromophore by the combination of urea with 
diacetyl in acidic solution in the presence 
of ferric ions and thiosemicarbazide. The 
coefficient of variation is 0:7% at 12 mmol/l 
and 4:5% at 2 mmol/l. Urne sodium and 
potassium were measured by photometry 
(Instrumentation Laboratories 913) and osmo- 
lality by cryoscopy (Gonotec Osmomat 030), 
all with a coefficient of variation of <1%. 

Urine flow and sodium, creatinine, and 
urea excretion rates were expressed as ml, 
mmol, or Umol/kg/day. Weight rather than 
surface area was used because it is physio- 
logically more appropriate in immature 
infants!* and it is more accessible in routine 
practice. Birth weight was used unless the 
baby had regained his birth weight and was 
growing in which case latest weight was 
used. Factoring by a weight less than birth 
weight causes false overestimation of renal 
functions.’ }3 


Results 

PLASMA CREATININE 

Plasma creatinine as a function of age is 
shown in fig 1. This scattergram and all other 
figures include a mixture of cross sectional 
and longitudinal data. There is a wide varia- 
tion at all ages with an overall decline during 
the first two to three weeks. Points are joined 
for six individuals studied for longer than two 
weeks. In some infants the creatinine has 
reached a trough by the third week, but in 
others it is still declining. There is an initial 
steep decline in the first week ın most infants, 
although this is sometimes preceded by an ini- 
tial increase. This is presumably because the 
result in the first day or two reflects maternal 
creatinine.'*4 !5 There is a wide overlap 
between the ranges in the two groups shown. 
Means and their 95% confidence limits 
were calculated for the two groups at the ages: 
<2 days, 3rd day, 4th day, 4-7 days, 7~14 
days. Only at the 4th day and 4-7 days were 
there significant differences between the 
means shown in the table. 


CREATININE EXCRETION RATE 

Creatinine excretion rate as a function of 
postnatal age is shown in fig 2. At all postnatal 
and all postconceptional ages there is a broad 


Mean plasma creatimne concentration (mol/l) at vanous 
postnatal ages m wfanis of two gestational age groups The 
95% confidence intervals for the means are shown in 
parentheses 


Age 25 5-29 weeks >29-33 weeks 


<2 days 101 (94 to 108) 103 act to 111) 
n=] =12 

3rd day 98 (90 to 106) 94 (88 to 100) 
n=] n=14 

4th day 97 (90 to 104) 84 (76 to 92) 
{n=19] n=13 

4-7 days 88 (84 to 92) 82 (77 to 87) 
(n=20] [n=13 

7-14 days 82 (72 to 92) 75 (66 to 84) 
In=18] [n=13] 
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Log urine volume (ml/kg day) 
[calculated from PF-S experiments] 


Ratio bulween urine volume (calculated 
from PF-S) and urine volume (calculated 


from creatinine) 


2-6 


1-6 


1-5 


range of excretion rates, the range being wider 
in the first week when more observations were 
made. Multuple estimations in individual 
babies were averaged for the first week post- 
natal and for after the first week. Mean creati- 
mine excretion in the first week (30 babies) 
was 91-9 umol/kg/day, and mean excretion 
after 1 week was 89-4 jimol/kg/day. There was 
no significant difference between these. The 
difference between first week creatinine excre- 
tion and leter creatinine excretion in individ- 
ual babies had a range of —32 to +32 umol/kg/ 
day, mean 2'5 (95% confidence interval —6 to 
+11). Creatinine excretion increases signifi- 
cantly with postconceptional age within the 
zange 26-23 weeks, from 81 umol/kg/day at 
26 weeks to 102 umol/kg/day at 33 weeks. No 
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[calculated from Log(90 S/urine creatinine)]} 


Figure 3 VA) Upper pane. urine volume (flou rate) calculated from 123 PF-S infusion 


experrmert: plotted agaimst-esnmated urine volume 


from 90-5/urine creatinine 


concenzration The pomts cxe plotted as the logarithmic transformation for clarity The 

diagnonas ites are the line of tdermuty and the liaear regression line, y=O-27+0 87x 

(B) Lower panel: the ordinate 1s the rano between urme volume measured m PF-S 

experumerts cnd estimated -rme volume calculated from the unne creatine. The ordinate 
distnbumon 


1s near to a aormal 


es. 


with the mean (! 0) and mean +2 SDs shown as dotted 
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inference can be made outside this range of 
postconceptional age. Infants whose birth 
weight was less than the 50th centile for gesta- 
tional age had the same excretion rates as 
those with birth weights greater than the 50th 
centile. 

Mean overall creatinine excretion was 90:5 
umol/kg/day (62:8 nmol/l min) with a SD 
of 14 pmol/kg/day. The distribution is nor- 
mal. The approximate 95% tolerance inter- 
val (mean +2 SDs) is 62:5 to 118:5 umol/kg/ 
day, shown as horizontal dashed lines in fig 2. 
The maximum change in any baby, 32 
umol/kg/day, is less than the 95% tolerance 
interval, suggesting that each individual kept 
the creatinine excretion rate within narrower 
boundaries than the group as a whole. 


ESTIMATING URINE VOLUME FROM URINE 
CREATININE AND GFR FROM PLASMA 
CREATININE 

Figure 3A shows urine flow rate (urine vol- 
ume or water excretion rate) measured in 
PF-S infusion experiments plotted on the 
ordinate against urine flow rate estimated 
simultaneously from urine creatinine. Est- 
mated urine flow rate (ml/kg/day) is calculated 
from the formula 90-5/urine creatinine 
(umol/l), where 90-5 1s the overall mean crea- 
tinine excretion rate in umol/ke/day. The dif- 
ference between the two values is because the 
actual creatinine excretion rate is not equal to 
the mean value of 90-5 umol/kg/day. The data 
are plotted logarithmically for clarity, not for 
any statistical reason. A more complicated 
formula could have been used, based on the 
regression line, but not with, any useful 
increase in precision. The precision of this 
formula for estimated urine flow (90-5/uirine 
creatinine) is tested by examining the ratio 
between measured and estimated urine flow 
rate, shown in fig 3B plotted on the ordinate. 
The untransformed ratio is plotted rather than 
its logarithm (the vertical distance of the 
points in fig 3A from the line of identity) 
because the untransformed value has the most 
nearly normal distribution. The 95% confi- 
dence limits (mean +2 SDs) for urine flow 
rates are the estimated value +39%, shown as 
the horizontal dashed lines in fig 3B. 

GFR (ml/ke/min) can similarly be esti- 
mated from mean creatinine excretion and 
plasma creatinine (mol/l) from the form- 
ula 90-5x1-101/1-44/plasma creatinine (69-2/ 
plasma creatinine), where 1-101 is the mean 
ratio, in the present study, between GFR and 
creatinine clearance.!® The confidence limits 
are somewhat wider, +46%, because of the 
introduction of this extra variable factor and 
also greater imprecision in measuring plasma 
creatinine. 

An estimate of urine flow rate is useful in 
clinical practice in order to estimate renal 
excretion of urine constituents such as sodium 
(E,,,=U,,Xurine flow rate). Urine sodium 
concentration (U,,,) alone is an unreliable 
indicator of sodium excretion, because it also 
depends on unne flow rate. Figure 4 shows a 
more than 5-fold variation in sodium excre- 
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tion rate, 3 to 20 mmol/kg/day, on occasions 
when urine sodium concentration is high, 
around 150 mmol/l, and more than 10-fold, 
0-5 to 7 mmol/l, when urine sodium is low, 
10 mmol/l. Similarly, urine osmolality is not a 
useful inverse indicator of urine flow rate 
compared with urine creatinine concentration. 
High osmolality urine (>500 mosmol/kg) was 
observed with high as well as low urine flow 
rates and in the former case was associated 
with high excretion of other solute such as 
sodium. 


z 


150 


Urine sodium concentration (mmol/) 


UREA AND CREATININE CLEARANCES 

COMPARED 

Figure 5 shows urea and creatinine clearances 
Figure 4 Unne sodium concentration as a function of sodium excretion rate m 471 urne compared. Urine/plasma (U/P) ratios are plot- 
samples. The latter was eather measured m PF-S experiemtsn (n=124) or calculated from ted rather than clearance (UV/P) in order to 
IIE ACERS CONCERN OR E EES 4/7 eliminated the common variable V (urine vol- 
ume). In the majority of samples U/P urea ratio 
18 lower than that for creatinine, and there is 
wide scatter. Urea clearance varies from 0:18 to 
1-5 times creatinine clearance. The logarithmic 
transformation is plotted to produce a distribu- 
tion suitable for linear regression which shows 
that there is a tendency for urea clearance to be 
lower at low urine flow rates (regression slope 
0-70, 95% confidence interval 0:64 to 0°75, 
p<0-0001). Urea is presumably reabsorbed by 
the renal tubule in a very variable manner, 
more in oliguric infants. 





Sodium excretion (mmol/kg/day) 


UREA EXCRETION AND PLASMA UREA 

Plasma urea (fig 6) varied widely, from 0-3 to 
18 mmol/l and values tended to be high 
throughout the whole of the first two weeks. 
Urea excretion follows a similar pattern with 
levels 0-6 to 17 mmol/kg/day. Individual 





0 0-6 10 15 20 sequential graphs show a pattern of a post- 

Log U : P creatinine natal rise and fall over 1-3 weeks (fig 7). 

pena Ge p The peak excretion rate (range 2:5 to 17 
er Merkie A Tli AAS O mmol/kg/day) and peak plasma urea concen- 
dismbunon 1s suitable for regression analysis (n=324). tration (range 3-6 to 18 mmol/l) for each baby 
The diagonal knes are the lme of tdennty and the knear and the age at which they occurred were 
regression Ime, U/P urea=0-20+0-70xXU/P creatinine. chosen as summary measures.'’ The peak 


occurred between the first and 10th day at all 
gestations but was higher in the most imma- 
ture. There was a significant negative relation- 
ship between peak urea excretion rate and 
gestational age (regression slope —0:59, 95% 
confidence interval -0-97 to -0-21, p<0-05) 
and between peak plasma urea and gestational 
age (regression slope —0-62, 95% confidence 
interval -1:06 to -—0-18, p<0-01). Although 
there was no relationship between the time of 
the peak and gestational age, the time of the 
urea excretion and plasma urea peaks in 
individuals correlated highly significantly 
(Pearson’s r=0-58, 95% confidence interval 
0:32 to 0:76, n=39, p=0-0002). Similarly the 
magnitude of the peaks correlated significantly 
in individuals (r=0-66, 95% confidence inter- 
val 0-44 to 0°81, n=39, p<0:00005). 

Nitrogen input (as Vamin, KabiVitrum) 
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Plasma urea concentration (mmol/l) 


0 5 10 15 20 25 30 35 was low until the fourth day in most infants. 

Age (days) There was no relationship between nitrogen 

input and urea nitrogen excretion, with input 

Figure 6 Plasma urea concentration as a funcnon of age on 467 occasions ranging from 0 to 400 mg/kg/day at all urea 
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Plesma urea (mmol/l) or urea excretion emmol/kg/day) 





Age (cays) 
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Plasma urea 


Urea excretion 


Figure 7 Vlasma urea cowcentrcuon and urea excrot on as a function of age for seven 


wifants <ZE weeks’ gestation. 


excretion rates, and similarly none between 
nicrogen input and plasma urea. The presence 
of high urea excretion with zero or low nitro- 
gen input cn many occasions suggests that 
many of these inants particularly in the first 
one or two weess postnatally are catabolic 
with respect to protein. In the absence of a 
high nitrogen irput it is likely that the high 
plasma urea concentrations are caused by the 
high urea production. Urea production rate 
by cells was not calculated (from nitrogen 
excretion ard change in plasma urea). In 
same infants urea nitrogen excretion exceeded 
input in the secon: and even third weeks. 


Discussion 

CR3ATININE EXCEETION 

Creatinine excreten in preterm neonates in 
the present study is similar to previous esti- 
mates of mean 71,7 * 60-80,6 85,2? 95,! and 
1C9 pmol/kg/day.- Only two have emphasised 
the small but sigmficant increase through the 
last trimester. € 18 In all these studies the 
range is wider than in the present study; 
in one the rarge was about 18 to 180 
umol/ke/day,*? in others 45 to 180,' 57 to 
145,5 and approximately 30 to 230.2 The 
narrower range im the present study may be 
due in part to the clinical and laboratory 
mezhods used. '© The differences ın the 
means may be cue to different creatinine 
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methods or methods of estimating or measur- 
ing urine flow rate or different postconcep- 
tional age of the infants. Creatinine methods 
should not be inaccurate for urine creatinine 
because there is no non-creatinine chro- 
mogen; however the author has found that 
some routine laboratory methods measure 
aqueous standards with inaccuracy up to 20% 
(B H Wilkins, unpublished observations). 
One of the above studies used polyfructoside 
as marker of urine flow’; the others measured 
timed urine collections with the inherent diff- 
culties with that technique. The higher mean 
of 95-100 pmol/kg/day in two studies! > may 
be accounted for partly by the higher mean 
gestational age (31 and 33 weeks compared 
with 29 weeks here). Three! 7° !8 found no 
significant relationship between creatinine 
excretion and postconceptional age but at 
least two of these! 3 18 considered correlation 
coefficient instead of regression slope. The 
variables correlated did not have normal dis- 
tributions. Correlation is for comparing two 
independent variables; here we are examining 
how one variable depends on another. They 
also apparently ignored bias from multiple 
measurements in individuals. 

Creatinine excretion rate is lower when 
expressed in terms of body weight than older 
babies? 3 19 and children (B H Wilkins, un- 
published observations), even more so when 
expressed in terms of height or surface area. 
Weight is chosen as reference because creati- 
nine output is related to muscle cell mass,! 19 20 
which intuitively relates best to weight. Cell 
mass, or intracellular fluid volume, and basal 
metabolic rate are lower in preterm infants 
than term and older infants,?! 72 and this may 
account for the lower values in the more 
immature. 

Creatinine producnon rate could be esti- 
mated from excretion rate and rate of change 
of plasma creatinine, but requires also know- 
ledge of creatinine distribution volume (total 
body water). Although non-renal elimination 
is probably minimal, the wider range of creati- 
mine excretion in isolated urine samples in the 
first week may be because plasma creatinine 
concentration is rising or falling. No attempt 
has been made to estimate production rate. 
The present concern is to derive useful and 
simple formulas based on urine creatinine. 


ESTIMATING URINE VOLUME AND GFR 

Although there is a significant increase in cre- 
atinine excretion with postconceptional age, 
formulas have been derived for estimating 
GFR (based on plasma creatinine) and urine 
volume (based on spot urine creatinine) which 
are common to all sick preterm infants in the 
first 2-3 weeks in whom these quantities 
might be useful. The numerator in these for- 
mulas contains 90:5, the overall mean creati- 
nine excretion (imol/ke/day). Improved accu- 
racy and precision would be obtained by 
applying a variable creatinine excretion from 
81 at 26 weeks postconceptional age to 102 at 
33 weeks but this would make the calculation 
more complicated for little useful gain. These 
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formulas will apply so long as the laboratory 
creatinine method measures aqueous creati- 
nine standards accurately. Neonatal units 
should check this. The imprecision of the 
urine flow rate estimate, +39%, is much lower 
than the overall variation in urine flow which 
is >10-fold; urine creatinine concentration 
ranges from 300 to 4000 umol/l. The only 
reliable way of measuring urne flow is fo 
weigh nappies meticulously, but even this 
does not prechide escape of urine. 

Coulthard et al have derived similar formu- 
las but calculated an asymmetric 95% confi- 
dence interval (-35% to +53%) from the scat- 
ter around the regression of logarithmically 
transformed urine volume on log estimated 
urine volume, but did not show that the data 
were normally distributed about the regres- 
sion line.” It is unlikely that they were, as in 
the present study. Plotting the logarithmic 
transformed data does render the distribution 
of urine volume nearer to normal and stan- 
dardises variances, but this is only useful 
when calculating correlation coefficients 
which is not an appropriate statistical 
approach to comparing two measures of the 
same variable.”? 

The estimate of urine flow and sodium 
excretion on spot urines does not measure 24 
hour excretion, and does not solve the whole 
problem of prescribing fluids, but gives a 
guide to the situation at the time. It is a quick 
and easy addition to daily weight change and 
plasma sodium to help make sensible deci- 
sions about water and sodium requirements. 

The GFR estimate is more imprecise and 
less useful. Plasma creatinine concentration 1s 
a more direct indicator of glomerular function 
and normal ranges are available from the pre- 
sent study and others.**-76 

Formulas based on height and plasma 
creatinine estimate GFR factored by surface 
area.* ?7 This may be useful in older children 
but has been shown to be inappropriate in 
infants.’ 8 12 The validity of these formulas 
was based on a significant correlation coeffi- 
cient between the formula derived estimate of 
GFR and a 24 hour creatinine clearance. It is 
not surprising that the two quantities are corre- 
lated but inspection of the data shows wide 
individual differences between the estimated 
GFR and creatinine clearance.” ?7 Inspection 
of their graphs shows that the estimate of 
GFR/m? was 35% to 280%?" and approxi- 
mately 50% to 300%? of the measured 
creatinine clearance which hardly inspires 
confidence ın such a formula. 


PLASMA CREATININE 

Plasma creatinine in the present study 1s simi- 
lar to published normal ranges.2* 2° Rudd et al 
found little difference between infants less 
than 28 weeks and those 28 to 32 weeks’ ges- 
tation.?4 Their median was 104 mmol/l at 2 
days for <32 week gestation infants, 84 at 7 
days, 72 at 14 days, and 60 at 21 days. Their 
range is wider at all ages, for example 95% 
tolerance limits of £50 to +60 pmol/l at 7 days 
compared with no more than +30 pmol/l in 
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this study. This may be because of a more 
precise and accurate assay with less interfer- 
ence from positively and negatively interfering 
substances. Any ‘normal range’ ıs clearly 
method dependent. The sick patients in the 
present study did not have higher creatinines 
than the more healthy individuals of previous 
studies, even those with severe respiratory 
disease. This accords with the finding of no 
reduction ın GFR in patents with severe respi- 
ratory disease.’ Further, the decline with 
increasing age is not complete until 1 month. 

Plasma creatinine is influenced by the 
following: (1) the increase in glomerular fil- 
tration rate with age’ 13; GFR increases post- 
natally despite the lack of body growth where- 
as creatinine excretion 1s related to cell mass 
which is itself static after birth until weight 
gain begins. The postnatal weight loss is 
caused largely by loss of extracellular volume, 
not loss of cell mass. (2) The increase in cell 
mass as a proportion of body size as babies 
grow. (3) The fact that in the early neonatal 
period plasma creatinine reflects maternal 
plasma creatinine,!4 1% accounting for a rise or 
fall in the immediate postnatal period. (4) 
Variable transfer of creatinine across the renal 
tubule.” 3 8 16 28-30 (5) Differences in and the 
imprecision of laboratory methods. It is not 
surprising, therefore, that plasma creatinine 
changes in ways which cannot be fully under- 
stood. 

The lack of any results greater than 130 
mol/l suggests that this may be used as an 
upper limit of normal (using this laboratory 
method) in the first few postnatal days for the 
diagnosis of neonatal renal failure, and there 
is no need to quote a different figure for dif- 
ferent gestations, at least in infants born at 
less than 33 weeks. However, plasma creati- 
nine will increase slowly after the onset of 
acute renal failure. Creatinine is distributed in 
total body water, so when there is an abrupt 
change in GFR it may take several days for 
plasma creatinine to reach a new steady state 
level. The half time of these changes is 
approximately proportional to volume of dis- 
tribution divided by GFR. For a volume of 
distribution of 80% of body weight and a 
GFR of 0:5 ml/min/kg this half ume will be 
about 18 hours. 

Most routine laboratory methods for creati- 
nine use one of many kinetic Jaffé methods 
which reduce but do not eliminate the over 
estimation caused by non-creatinine chro- 
mogen.? A further problem in newborns is 
negative interference caused by bilirubin.*! It 
should be borne in mind that day to day 
changes in apparent plasma creatinine might 
in part be due to changes ın plasma bilirubin. 
This is not the case here where a resin adsorp- 
tion end-point Jaffé method has been used but 
individual units should check their method. 


PLASMA UREA AND UREA EXCRETION 

Urea excretion rates are very much higher 
than in older children and adults where it is 
less than 1 mmol/ke/day. The presence of 
high urea excretion in the absence of any 
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nitrogen inpuc suggests that many of these 
infants particularly in the first one or two 
weeks postnatally are catabolic with respect to 
protein. This is likely to reflect their general 
state of ill heel-h® and it is notable that it is 
accompanied by a high plasma urea concen- 
tration. The lev2ls found here are greater than 
found previously in more mature infants, even 
those ill with birth asphyxia or respiratory 
distress. 32 33 

A high plasra urea concentration may in 
part be explained by a low urea clearance as 
in dehydrated. oliguric older subjects where 
there is increased urea reabsorption in the 
collecting duct. However, the positive corre- 
-ation betweer plasma urea, urea excretion, 
and negative n-trogen balance suggests that 
plasma urea clozely reflects the urea excretion 
rate which itsel? represents the urea produc- 
tion rate by intracellular metabolism. Urea 
production rate. taking into account change 
m total body trea, has not been calculated 
here because Ecdy weight was not measured 
every day in al babies and because urea dis- 
tribution volume can only be assumed. It is 
likely that peek urea production is greater 
than peak excretion because plasma urea is 
usually rising a3 excretion is rising. Others 
have estimated urea production up to 8 
mimol/Ke/day, <tclining after the age of 2 
days.° It might >e argued that the high urea 
excretion could cause an osmotic diuresis. 
However, the lo-v urea clearance with tubular 
urea reabsorptcn may protect against this. 
This ‘economy of water’ is a specific feature 
ef urea that his been known for a long 
time.*4 35 No ev-dence was seen of increased 
water excretion in infants with high urea 
excretion in the present study. 

Urea clearan=2 was compared with creati- 
rine rather thar PF-S clearance because there 
were Many moc: occasions when both were 
measured and tecause ıt has been shown pre- 
viously that cres#tinine clearance is a reason- 
able esumate of GFR.? ? 7 16 Urea clearance 
tends to greatly anderestimate GFR as found 
by others.” 36 37 We agree with Coulthard et al 
that the measurement of urine urea is of little 
use in clinical practice.’ Plasma urea concen- 
tration is of no tse as a marker of glomerular 
fanction. It may, however, be useful in sick 
immature infarts as an index of metabolic 
derangement or to demonstrate its contribu- 
tion to hyperesmolality. No influence has 
been found of 2trogen input on urea excre- 
tion, but the pcssibility that a lower nitrogen 
input in those with high excretions might 
have lowered the plasma urea has not been 
tested. Others lave shown that nitrogen is 
incorporated into tissue in sick preterm 
infants from the first day?® but this does not 
conflict with the present study where formal 
nitrogen balanc2; have not been performed. 
Plasma urea ani urea excretion were not 
reported in that study. Urea production and 
plasma urea are high in the fetus.” Further 
irvestigations ace needed to determine 
whether high races of urea production are 
caused directly b” postnatal iliness or whether 
it is due to high area production before birth 
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and cessation of placental function at birth, 
and whether postnatal nitrogen and energy 
input influences plasma urea and nitrogen 
excretion. 
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Renal function in sick very low birthweight infants: 
3. Sodiim, potassium, and water excretion 


Barry H Wilkins 


Abstract 

Renal excretion of sodium, water, and 
potassium was measured on 434 occa- 
sions in a semple of 40 infants of 25-5-33 
weeks’ gestation, birth weight 720-2000 g, 
between the ages of 0°5 and 36 days. 
Water excretion varied between 1% and 
39% of the ghomeruwar filtration rate, or 
15-350 mi/kg‘da, and varied widely from 
day to day i individual infants. Nearly 
all infants became hyponatraemic before 
or after the first postnatal week. There 
were a few irstances of hypernatraemia 
in the first week caused by high insensible 
water loss. [here were high levels of 
sodium excr2-ian up to 16% of filtered 
sodium, or ZI rmmol/kg/day, in the first 
two postnatal weeks. Highest levels of 
sodium excretion were seen in the most 
immature infan-s in the first week. In 
most infants sodium excretion increased 
either in the first week or later before a 
subsequent d2-line. Potassium excretion 
was often high in the first week, as 
much as 96% o7 filtered potassium, or 
5 mmol/kg/dey, and is associated with 
early hyperka_cemia. 


(Arch Dis Chid 1992567:1154-61) 


Preterm newborn infants have long been 
known to bave difficulty in maintaining 
sodium balance on the sodium intake pro- 
vided by humar milk of 1-2 mmol/kg/day. 
This 1s related zco excessive urinary excretion 
of sodium, which decreases with increasing 
gestational and postnatal ages and has been 
extensively rev.ewed.'-> Hyponatraemia is 
common! but ite cause remains debated 
especially in ths first week where water 
retention oz sodiitm depletion may con- 
tribute.) 467 This has caused controversy 
in managemert where some advocate 
scdium supplements,* 8 others water restric- 
tion.79 10 

The question is more serious in the smallest 
ard sickest infants in whom hyponatraemia, 
excessive weight bss, or conversely failure to 
lose weight postrmacally, hypernatraemia, hyper- 
kalaemia, uraemia, and haemodynamically 
significant patent Justus arteriosus (PDA) are 
commoner. [More irformation on water and 
electrolyte excrezion ıs therefore needed to 
prov:de guidelines for treatment in the sickest 
and smallest infants. 

The present study was conceived because of 
the observation 37 frequent water and elec- 
tralyte comp.ications in such infants at all 


ages despite sodium supplementation as 
advocated for healthy preterm infants.2 The 
purpose was to describe the various patterns of 
sodium, potassium, and water excretion which 
occur in very low birthweight infants, and to 
provide further information on the pathology 
and physiology of natriuresis in these infants. 


Patients and methods 
This study was part of a wider study of 
glomerular and tubular function in very low 
birthweight infants. Altogether 40 infants 
were chosen who could be studied in the first 
postnatal week, and later if possible. 
Gestation at birth was 25:5-33 weeks, birth 
weight 720-2000 g. Studies were made up to 
age 3—36 days. Further clinical, experimental, 
and laboratory details are given in part 1.11 A 
total of 434 plasma/urine pairs were examined 
of which 120 were taken during continuous 
Polyfructosan-S (PF-S, Laevosan-Gesellschaft) 
infusion experiments by which urine flow was 
measured.!* In the others calculations were 
made from urine and plasma creatinine. 

Urine flow rate (renal water excretion) was 
calculated from either 


Urine flow rate (ml/kg/day)=PF-S infusion 
rate/urine PF-S concentration 


or, on days when there was no PF-S infusion 
experiment, 
Urine flow rate (ml/ke/day)=creatinine 
excretion rate/urine creatinine concentration 


where creatinine excretion rate 1s that measured 
in that baby in the nearest PF-S infusion experi- 
ments, or 90-5 pmol/kg/day (the overall mean 
creatinine excretion ratel?) in two infants who 
did not have PF-S experiments. 

Excretion rate of other substances was 
calculated, for example sodium excretion 


Ena) from 


Ex, (mmol/kg/day)=urine flow ratex 
urine sodium concentration. 


Osmolar excretion (mosmol/kg/day) was cal- 
culated similarly from the urine osmolality. 

Fractional excretion (percentage of filtered 
load) was calculated, for example fractional 
sodium excretion (FE,,,) from 


FEY, “Uy, P ne P prs Upes 


FE, =U, /PyaPc/Ue x1 101 
where 1-101 is the mean ratio in this study 
-etween inulin and creatinine clearance,!* and 
corrects for tubular creatinine reabsorption. 
U and P represent urine and plasma concen- 
trations. 
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Plasma sodium concentration (mmol/l) 
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as a function of postnatal age. Sequential pomts 


concentranons 
are jomed for five indiuiduals (n=479 observations m 40 mfants). 


Fractional sodium excretion (%) 


Fractional water excretion (FEy,...) was 
calculated from 


FE ater! pes Upes 
FE ert c/Ue,x1 -101 


Excretion and fractional excretion rates calcu- 
lated from creatinine are accurate for the ındi- 
vidual spot urines (but may carry some umpre- 
cision because creatinine excretion rate varies 
up to +32%'3), and it is not implied that they 
hold true for other urines passed on the same 
day. Weight rather than surface area was used 
because it is physiologically more appropriate 
in immature infants!! and more accessible in 
routine practice. Birth weight was used unless 
the baby was growing and had regained his 
birth weight. Factoring by a weight less than 
birth weight causes false over estimation of 
renal functions.!! 

Plasma sodium and potassium were 
measured with ion selective electrodes on 
a Technicon RA-1000 auto analyser. 
Coefficient of variation was <1%. Although 
the electrodes measure concentrations in 
plasma water, a correction to actual plasma 
concentration 18 made automatically. Small 
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Figure 2 Fracucnal sodtum excretion as a function of postnatal age Sequential powts ave 
joined for five individuals. Of 432 measurements, 120 were made from PF-S mfuson 
experiments and 312 from plasma and unmne creannine 
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differences between the composition of adult 
and neonatal plasma and the 5-7% of plasma 
non-water can be ignored (for example in 
calculating fractional excretion) when we are 
interested in many-fold differences between 
subjects in quantities such as fractional 
sodium excretion. Urine sodium and potas- 
sium were measured by flame photometry 
(instrumentation Laboratories 913). The 
coefficient of variation was <1% over range 
10-200 mmol/l. Plasma and urine osmolalities 
were measured by cryoscopy (Gonotec 
Osmomat 030). The coefficient of variation 
was <1% over range 50-1000 mosmol/kg. 


Results 

PLASMA SODIUM 

Normal plasma sodium (136-144 mmol/l) 
was rare especially after age 1 week (fig 1). 
Hypernatraemia was uncommon and confined 
to the first week and to infants less than 29 
weeks’ gestation despite early high sodium 
excretion. Most infants studied beyond 2 
weeks were hyponatraemic, but this was also 
common in the first week. Many infants had 
an initial increase in plasma sodium, which 
was greater in more immature infants and 
always accompanied by weight loss, reflecting 
water balance. There was frequently a peak in 
plasma sodium between 2 and 4 days, occa- 
sionally later, followed by a progressive fall, 
the latter accompanied not by a regaining of 
weight but by rising or continuing sodium 
excretion. Late hyponatraemia beyond two 
weeks was often profound and prolonged (for 
example fig 5A and C). These features are 
illustrated in fig 1 by five infants whose 
sequential points are joined. 


SODIUM EXCRETION 

There was a wide range of fractional sodium 
excretion in the first two weeks (fig 2), from 
zero to 16%. No distinction 1s made in this 
and other graphs between creatinine and PF-S 
derived values, for clarity and because it 
makes no difference to the message of the 
paper. There was a postnatal increase in most 
infants up to a peak which occurred between 
days 1 and 8, at all gestations from 25-33 
weeks, followed usually by a gradual decline 
although there was considerable fluctuation ın 
some with second peaks. Sodium excretion 
(mmol/keg/day) had a very simular pattern. The 
height of the peak in the first week was 
inversely related to gestational age (fig 3) and 
in infants less than 28 weeks’ gestation the 
maximum recorded sodium excretion for each 
baby was 10-22 mmol/kg/day. The regression 
slope, 1:17 has 95% confidence interval -0-69 
to —1-65, p<0-0001. Total solute (osmolar) 
excretion varied between 5 and 61 
mosmol/kg/day, with higher values seen in the 
more immature infants. 

The magnitude of the early sodium excre- 
tion is such that, if continued over several 
days (the measurements here applied to single 
voidings only), there is likely to be a cumu- 
lative negative sodium balance of up to 
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20 mmol/kg/agy, or a fifth of the total body 
sodium, so if is not surprising that some 
infants became severely sodium depleted with 
weight loss of mp tc 23% of birth weight. 

In 10 infarits a large increase in sodium 
excretion occurred after the first week. In one 
case shown in f= 2 this was in a baby who had 
had only a modes- sodium excretion in the first 
week and who then had a prolonged excretion 
of greater than 15 -nmol/kg/day m the second 
week and was stl! h:gh in the fourth week. This 
same infant lo had early hyponatraemia, 
weight gain, and delayed water excretion (figs 
5A and 6) and a glomerular filtration rate 
“GFR) low in the normal range. In others a sec- 
ond peak occurred after the initial peak of 
sodium excretion. In all 10 cases this phe- 
nomenon was a3tociated with an acute illness in 
the child which hac the appearance of acute 
septicaemia. Sepsis was proved in only three 
infants. In most taere was also late worsening of 
cr prolongation cf ventilatory failure and vent- 
lation requirements, or the development of 
symptomatic PDA. 


Figure 4 Gractronal somuca excreuon as a function cf Aalspo, m the first five days 
(n=140). The absassa ts loganthmuc. The regression jo-rruls, not shown, ts: 


FE, ,=3'25-1-90<AaD bo, 


Wilkins 


An initial ınvestigation of the effect of res- 
piratory disease on sodium excretion showed 
a weak negative relationship between sodium 
excretion and alveolar-arterial oxygen partial 
pressure difference (AaDpo,) in the first five 
days, during which time most infants had a 
peak in their ventilatory requirement (fig 4). 
There was no relationship after five days. The 
regression slope, -1:90 has 95% confidence 
interval -3:00 to —0:80, p<0-05, but the line is 
not shown because it is not really appropriate 
when there is a mixture of cross sectional and 
longitudinal data. This suggests that the early 
peak in sodium excretion might occur as 
AaDpo, 1s improving.’? Inspection of individ- 
ual results is more interesting but shows no 
standard relationship. In seven infants sodium 
excretion increased while AaDpo, was high or 
still rising, in 14 the peak sodium excretion 
occurred on the same day as the beginning of 
a sustained improvement in AaDpo, and in 
nine the sodium excretion was already 
decreasing. Similar results were seen if the 
arterial:alveolar oxygen partial pressure rario 
was used instead of AaDpo.,. 

Inspection of individual sequential results 
showed no overall tendency for high excretion 
rates to be associated with higher sodium 
inputs. Individual excretion and balance are 
plotted together with plasma sodium concen- 
tration, weight and urine flow rate in fig 5 for 
four infants. In most cases the ‘balance’ (calcu- 
lated from the difference between the sodium 
excretion for the given urine sample and the 
sodium input at the same time) and excretion 
varied in parallel and there was only an occa- 
sional case, but never in the first week, where an 
increase in both excretion and negative balance 
were preceded by an increase in sodium input, 
for example in fig 5C where hyponatraemia pro- 
voked the increased sodium input. 


WATER EXCRETION 

Fractional water excretion varied widely at all 
gestations and ages, from 1% to 30% of fil- 
tered water (fig 6) or 16 to 350 ml/kp/day. 
The highest values were in the first two weeks. 
All results apply to single urine voidings and 
are not necessarily sustained, and indeed the 
six individual sequential plots (fig 6) illustrate 
that water excretion often varied widely from 
day to day when intravenous water input was 
constant, and there was no consistent pattern 
or trend. 

Except in two infants, including the infant 
shown ın fig 5A, who had initial weight gain 
and relative oliguria associated with high ven- 
tilation requirement, no relationship could be 
found between water excretion and oxygena- 
tion. Fractional excretion of free water ranged 
from -5% to +15% of filtered water at all 
levels of AaDpo,,. 

Two other babies had initial water reten- 
tion, but rarely was there prolonged oliguria 
(<50 mi/kg/day), and never prolonged poly- 
uria (>200 ml/kg/day). 

There was no overall relationship between 
water and sodium excretion. The peak of so- 
dium excretion in the first week was sometimes 
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Figure 5 (A)-(D) Details of water excrenon (urine flow rate m mi/kg/day), plasma sodium (mmol/l) and sodium 
excretion (mmoV/kg/day), and oxygenation (as AaDpo,in mm Hg) as a function of postnatal age tn four tndroiduals 


(weight m g). 


accompanied by an increasing urine flow rate 
but this was not usually higher than after the 
decline in sodium excretion. At later ages, how- 
ever, a secondary increase in sodium output at 
times of illness was often accompanied by an 
increased urine flow, for example fig 5B at age 
12 days, suggesting that the increased solute 
excretion has caused an osmotic diuresis. 


PLASMA POTASSIUM 

Plasma potassium (fig 7) tended to be high 
in the first three days, especially in the 
20 most immature infants less than 28 weeks’ 
gestation and almost invariably decreased to a 
nadir at 2 to 6 days, increasing again there- 
after illustrated by the three individuals 
shown. Complications did not occur. 
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Figure * Piasma potasstum concentranon as a fincuen of postnatal age. Sequential 
points are jomed for th-ze -ndriduals (n=478 observctuons m 41 mfants). 
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POTASSIUM EXCRETION 

Potassium excretion paralleled plasma potas- 
sium in the first week with a peak at 1 to 3 
days of up to 96% of the filtered load or 1:5 to 
5-1 mmol/ke/day (figs 8 and 9}. The latter, 
5:1 mmol/kg, is more than the total extracel- 
lular fluid potassium content and about a 10th 
of the total body potassium, and potassium 
was rarely administered in the first two days. 
Potassium excretion was highest in the most 
immature. The regression slope in fig 9, 
—0:283, has 95% confidence interval -0.455 
to —0-111, p<0-01. In individual babies there 
was a common overall pattern of a high potas- 
sium excretion in the early postnatal period 
followed by a rapid decline which is then 
followed by a later increase to a broad peak in 
the second week or a little later. Potassium 
and sodium excretion did not necessarily mir- 
ror one another with the nadir of potassium 
excretion at the same time as the peak sodium 
excretion. Sometimes both sodium and potas- 
sium excretion increased and fell together, in 
others the sodium excretion remained high 
and fell after potassium excretion fell. 

A scattergram of urine sodium:potassium 
(Na:K) ratio is similar to sodium excretion 
(fig 2) suggesting a direct relationship be- 
tween sodium excretion and the urine Na:K 
ratio. The correlation is very weak, however, 
but increased by comparing the logarithms 
which normalises the distributions of the two 
quantities (7=0-:52 for days 1-5, 95% confi- 
dence interval 0:40 to 0-62, p<0-0001, 
n=177). In any event, normal Na:K ratio in 
healthy full term infants is about | (the ratio 
of Na:K in breast milk). In very few urine 
samples was it this low, the majority having a 
high Na:K ratio up to 70. This might be taken 
to mean that the high sodium excretion is 
caused by immaturity of Na:K exchange 
mechanisms in the distal renal tubule. In this 
case, one might expect to find an adverse rela- 
tionship between fractional potassium excre- 
tion and fractional sodium excretion. No such 
relationship was found; in fact there was a 
direct relationship, especially on days 2 and 3. 
For example, on day 3 r=0-57, 95% confi- 
dence interval 0-32 to 0:75, p=0-0001, n=42. 

Potasstum excretion correlated strongly 
with urea excretion on postnatal days 1, 2, 
and 3 but not thereafter. For example, on day 
2 urea and potassium excretion had ranges 
1:5-11 and 0:8-4.5 mmol/ke/day respectively, 
and Pearson’s r was 0°75 (95% confidence 
interval 0-57 to 0:86, p=0-0001, n=35). 


Discussion 
Many studies have shown high sodium excre- 
tion with a rapid postnatal decline and a high 
incidence of hyponatraemia in immature 
infants in the first one to three weeks.!~7 16-20 
Higher levels of sodium excretion have been 
found in the present study matched only by 
those of one study of very immature sick 
infants. 

Various patterns of postnatal sodium excre- 
tion have been found. Whereas it has been 
previously noted that there is a rapid postnatal 
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decline in the sodium excretion,” the frequent 
initial increase in sodium excretion before the 
decline, and often a secondary increase, in the 
present study cannot be attributed to a uni- 
versal rapid maturation of tubular function. 
The initial increase might be attributed to the 
postnatal increase in GFR from low fetal 
levels, thus flooding the tubules with an 
increasing filtered load of sodium, but it has 
also been shown here that GFR reaches its 
final level by the second day.!! It would seem 
that the maturation in terms of ATPase sites 
can be offset by functional failure, perhaps 
in the manner of a ‘sick cell syndrome’ or 
down regulation of Na/K ATPase. There is no 
evidence here or in other studies that 
increased sodium excretion has resulted from 
higher sodium input (this is generally <5 
mmol/kg/day) except in a few instances later 
than age one week. Further studies are needed 
to confirm the smoothness of the day to day 
variation in sodium excretion. 


THE CAUSE OF HYPONATRAEMIA 

Hyponatraemia may be present at birth 
reflecting maternal hyponatraemia. The cause 
of subsequent hyponatraemia in the first week 
may include sodium wastage or water reten- 
tion and each have their advocates,! although 
late hyponatraemia is generally agreed to 
reflect sodium depletion. In the present study 
sodium depletion was often severe and early 
and with a frequent fall in plasma sodium 
without an increase in weight, often after hy- 
pernatraemia, this suggests that renal sodium 
wasting contributes. A third possibility, a gen- 
eralised cell membrane Na/K ATPase failure 
with decreased cell membrane gradient and 
intracellular sodium shift has been dismissed! 
because the plasma sodium is not replaced by 
another cation. But extracellular and intracel- 
lular hypo-osmolality must coexist and this 
might be caused by either water retention or 
combined sodium and potassium depletion. 
The potassium excretion observed here (up to 
5 mmol/kg/day) in the first three to four days 
suggests this is a possibility. Potass1um excre- 
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tion has previously been <2 mmol/kg/day,? 3 3 7° 
and well infants are in positive balance.” 2° 21 
However, ill infants may be in negative bal- 
ance.2 The non-oliguric hyperkalaemia, also 
observed by others,’ 27-2 is associated with 
high renal excretion of potassium. This is 
attributed to a catabolic state because it is 
associated, as on days 1 to 3 here, with high 
urea excretion,’ although the latter continues 
for much longer in the present study. The 
potassium wastage may be more specifically 
the result of deficient or down regulated cellu- 
lar Na/K ATPase. A further study with accu- 
rate potassium balances would help to quan- 
tify potassium and sodium losses. Urine 
collections every four hours with 24 hour 
moving averages would avoid some of the 
inaccuracy due to incomplete and variable 
bladder emptying and occasional incomplete 
collections. 

Healthy preterm infants are able to vary 
their water excretion according to input.?¢ 
Much of this variation in day-to-day urine vol- 
ume observed here is not explained. True 
inappropriate antidiuretic hormone syndrome 
(SIADH) is probably uncommon ın preterm 
infants,”” although it has frequently been 
implicated in causing hyponatraemia in 
neonates. 28 Clinically inapparent volume 
depletion is common, so it is likely that many 
cases of alleged SIADH are due to physiologi- 
cally appropnate rather than imappropriate 
antidiuretic hormone secretion. This is a most 
important distinction to make because in 
SIADH restriction of water intake is required 
whereas increased volume input may be 
required otherwise. Conversely, dehydration 
is not necessarily implied by a combination of 
high plasma urea and low urine flow.!? 

A possible reason for some occasions of 
high urine flow may be a high osmolar excre- 
tion rate; for example, if the maximum urine 
osmolality is 600 and the osmolar excretion 
rate is as high as 60 mosmol/kg/day, then a 
urine volume of at least 100 ml/kg/day is 
required in order to excrete this obligatory 
solute. An obligatory water, as well as solute, 
loss may therefore be occurring, especially 
when urine osmolality is not maximal. 


THE NATURE OF THE SODIUM WASTAGE 

The sodium depletion may be attributed to 
failure of proximal tubule reabsorption.? 
Although the distal tubule fails to com- 
pensate?’ 30 distal reabsorption is probably 
relatively intact.?! Various animal models, 
mainly rat and rabbit, show a slow postnatal 
increase in the number of Na/K ATPase sites 
after birth.32-3” This is preceded by a slow 
increase in the sodium permeability of indi- 
vidual cells and can be inhibited by chronic 
administration of amiloride suggesting that 
the development of the pump is stimulated by 
sodium substrate itself. This may explain the 
apparent acceleration of renal tubular matura- 
tion.**3’ Marsupial pouch young, bom very 
immature, may normally have low plasma 
sodium concentrations rising throughout 
pouch life from about 110 mmol/l to 140 
mmol/l (G Wilkes, S Thomas, P Janssens, 
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B H Wilkirs, unpublished observations), but 
they are unlikely to be chronically sodium 
depleted because they grow very fast. In the 
premature mfant sodium depletion probably 
matters more than hyponatraemia itself in 
terms of sa5sequent growth.! The fact that 
early and -tarsitional milk and the milk of 
mothers of >rematures (and marsupial milk) 
contain; higher sodium,***! and that sodium 
supplementatian promotes a more stable 
plasma sccium, sodium repletion ard 
growth,” 8 4? arə further evidence that sodium 
depletion is nct the best state of affairs for 
preterm infents 

Those wa) advocate that this may be a 
physiological edeptation to the demands of the 
circulatcry charges after birth’ ? 17 # 44 ignore 
the high sodimm excretion continuing after the 
extra celluler fluid contraction and the late 
increases in socium excretion observed, pre- 
sumably cawed by down regulated Na/K 
ATPase. Sccium and water restriction to- 
gether may mot lead to hyponatraemia!® but 
will lead to volume contraction and delayed 
erowth.! Sod um homoeostasis in the new- 
born is gear21 towards sodium conservation 
not excretior, and an expanding extracellular 
volume. PDA, sometimes attributed to vol- 
ume* overlcad and failure to contract extra 
cellular space, wes seen in this study in infants 
who lost 20% of birth weight as well as in 
those whe lost ncne. 

Glomerulor_bular balance may well be defi- 
cient? 27 but in immature infants there is a 
major failure of sodium reabsorption in the 
proximal tubtl: at a degree at which glomeru- 
lotubular balence will not normally operate. 
This is a fine control mechanism which pre- 
Jents wide fluctuations in tubular fluid deliv- 
ary to the distal tubule due to small changes in 
‘SFR or proximal tubular fluid handling. 


TWATRIURESS AND RESPIRATORY DISEASE 
ke is speculated that atrial natriuretic peptide 
(ANP) plas a part in the isotonic contraction 
cf extracellular fluid in mature and immature 
cewborns.© #68 Hormones have not been 
measured in the present study but in several 
szudies mean ANP concentrations are very 
rauch higher in preterm infants and may be 
contemporanecus with natriuresis, but not 
a-ways.? 46 49 29 This has led to the specula- 
ton that improving pulmonary perfusion 
causes ANP relzase by left atrial distension 
thereby causing ~he natriuresis associated with 
improving respiratcry function.!> 30 

There are conflicting reports concerning the 
effect of respicetory disease. An increased 
fractional sodium excretion has been 
otserved,°! 32 whica suggests that respiratory 
disease impairs wbular function. Others 
found no influence on the sodium excretion. !” 
There is usually a churetic phase before, after, 
o> during recovery from respiratory disease 
which may represent a delayed contraction of 
ex-racellular water space.!° 33 54 ANP is a hor- 
mone whose function is not just natriuresis 
but to protect against volume overload. 
Hypoxia and hizan pulmonary vascular resis- 
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tance are other, non-physiological stimuli. Just 
as the high aldosterone concentration does 
not necessarily mean that it is effecting a nor- 
mal physiological response,’ 7° so also it 
would be incorrect to assume that high ANP 
levels are entirely physiological. 


IMPLICATIONS FOR TREATMENT 

We do not know in individuals how much of 
the early and late sodium loss should be 
replaced nor to what extent the variable post- 
natal weight loss is a necessary adaptation to 
the change in circulatory anatomy. There is 
unlikely to be an ideal weight loss for all 
infants. Advocators of sodium and water 
restriction,’ '° and therefore volume deple- 
tion, say that water excess is a disadvantage as 
a rule. Although sodium supplementation to 
5 mmol/kg/day improves weight gain in some 
infants, we now need a tal to compare a 
policy of volume depletion with one of volume 
repletion, and to determine whether early 
sodium replacement in sick very low birth- 
weight infants makes any difference to weight 
gain, to the incidence of PDA and other com- 
plications, to duration of hospitalisation or to 
neurodevelopmental outcome. A three armed 
study would be needed comparing (1) low 
water input and sodium supplementation only 
according to evidence of sodium depletion,!° 
(2) high water input with elective early 
sodium supplementation to 3, 4, or 5 mmol/ 
kg/day,f and (3) high water input with 
prospective sodium replacement according to 
measured losses. 
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Renal function in sick very low birthweight 
infants: 4. Glucose excretion 


Barry H Wilkns 


Abstract 

Renal glucose excretion was measured on 
239 occasions in a sample of 36 infants of 
25-5~33 weeks’ gestation, birth weight 
720-2000 g, between the ages of 0:5 and 
32 days. Glu>os2 was invariably present 
in urine from the first day. Fractional 
glucose excretion varied widely from 
01% to 90% of filtered glucose and 
glucose excr2tian rate was up to 15:5 
mmol/kg/day end was higher in the most 
immature infants, especially below 28 
weeks’ gestetion. The highest values 
were in association with hyperglycaemia 
between 5 anc. 15 days but there was no 
consistent plasma glucose threshold with 
frequent glucose spillage at normal blood 
glucose concentrations. There was some 
correlation with sodium excretion in the 
first week suggesting that in the absence 
of hyperglycaemia with a normal filtered 
glucose load, glucose excretion is caused 
by proximal tabular immaturity. 


(Arch Dis Child 19923€7:1162—5) 


The clinical management of sick preterm 
infants includes attention to the daily pre- 
scribing of nutcttion and maintenance of nor- 
mel plasma glose concentration. Urine is 
frequently tested for the presence of glucose 
and it is alleg2i1 -hat glucosuria may cause 
osmotic diures.s and dehydration,! although 
there is surpris_ngly little evidence that this is 
a real danger. It has long been known that 
premature infarcts have a lower tubular re- 
absorption maxamum?"!! and that glucosuria 
cen be exacerba:ec by increasing plasma glu- 
cose concentration * This has not been quan- 
tified in the sickest and most ımmature infants 
in whom glucosuria is observed at normal 
plasma glucose concentrations. 

The purpose of the present investigation 
was (1) to quantify glucose excretion in sick 
infants less than 33 weeks’ gestation at various 
ages; (2) to determ_ne whether this may repre- 
sert significant wastage of glucose energy, and 
(3) to investigate whether osmotic diuresis 1s a 
real possibility. 


Patients and rrethods 

This study wes rart of a wider study of 
glomerular and tubular function in very low 
birthweight infants.!* Thirty six were chosen 
who could be studied in the first postnatal 
week, and later -f possible. Gestation at birth 
was 25:5-33 weeks, birth weight 720—2000 g. 


Further clinical, experimental, and laboratory 
details are given in Part 1.!4 

Glomerular filtration rate (GFR), plasma 
glucose concentration, and renal glucose 
excretion were measured sequentially in 36 
infants up to age 3-33 days. Plasma glucose 
was only measured when plasma was sepa- 
rated from heparinised blood within one hour 
of collection. GFR and urine flow rate were 
measured by a continuous infusion Poly- 
fructosan-S (PF-S, Laevosan-Geselischaft) 
clearance method.!? 

When PF-S was not being infused urine 
flow rate was calculated from: 


Urine flow rate=creatinine excretion 
rate/urine creatinine concentration 
and GFR from: 
GFR=creatinine excretion rate/plasma 
creatinine concentration 


where creatinine excretion rate 1s that measured 
in that baby in nearby PF-S infusion experi- 
ments.!3 Filtered glucose was calculated from: 


Filtered glucose=GFRxplasma glucose 
concentration 


Fractional glucose excretion (FE Ghcose) Was 
calculated from 


FE Gincose~ Ghucose! f Glucose T pr-s/Upg-s 


FE dice UM Gtucose T. Glucose Pcr U ora "101 


where 1-101 is the mean ratio between PF-S 
and creatinine (Cr) clearance.'4 Glucose was 
measured in undiluted urine, plasma, or aque- 
ous standards by a glucose oxidase/peroxidase 
photometric method on an Instrumentation 
Laboratories discrete semiautomated glucose 
analyser. There were no interfering substances 
and the coefficient of variation was 2% at 1 
mmol/l and <1:0% at 10 mmol/l. 


OT 


Results 
Plasma glucose concentration varied from 
1-2-13°8 mmol/l in 262 samples. Only three 
measurements were <2 mmol/l and 15 >10 
mmol/l. Glucose was invariably detected in 
urine at all ages, 1 to 101 mmol/l in 329 
samples. In only 19 was the glucose concen- 
tration >14 mmol/l (4%), in eight >28 mmol/l 
(4%), and one sample had glucose >55 
mmol/l] (1%). The great majority of samples 
had very low glucose concentrations measur- 
able only by laboratory methods and not 
detectable by ward dipstick testing. 

The four graphs contain a mixture of cross 
sectional and longitudinal data. Fractional 
glucose excretion (FEG, ose ig 1) varied from 
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Fractional glucose excretion (%) 


0-1% to 90% of filtered glucose. Values up to 
5% occurred from the first day in all gesta- 
tions but most of the highest values, >10%, 
are seen from age 5 to 15 days and in the 
most immature infants below 28 weeks’ gesta- 





Age (days) 


Figure 1 Fractional glucose excretion as a funcnon of postnatal age on 239 occasions in 
36 fants (82 measurements were made from PF-S tnfusion experiments and 157 from 
plasma and urine creatintne and glucose). 
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Figure 2 Fractional glucose excretion as a funchon of postconceptional age tn three age 
groups (n=239, 143 at <1 week, 59 at 1-2 weeks, 37 at >2 weeks). 
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Figure 3 Glucose excretion rate as a function of glucose filtered load (n=239). On 101 
occasions filtered glucose was calculated from PF-S clearance experiments, and on 138 from 


creatinine. 
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tion at birth (fig 2). Glucose excretion rate 
(mmol/kg/day) had a similar pattern to 
FEocose 20d varied from 0-01 to 15-5 
mmol/kg/day in 239 measurements, but was 
>05 mmol/ke/day in only 50 and >I 
mmol/kg/day in 30, almost all in infants less 
than 28 weeks’ gestation. 

There was no consistent threshold of 
glucose filtration rate or plasma glucose con- 
centration above which glucose appears in the 
urine (fig 3). The scattergram is similar 
whether the abscissa is plasma glucose or 
filtered glucose, or whether the ordinate 1s 
glucose excretion or fractional glucose excre- 
tion. Glucose excretion >05 mmol/kg/day 
occurred with normal plasma glucose but the 
highest values, >2 mmol/kg/day, only occurred 
with hyperglycaemia. In the four occasions 
when excreted glucose was >4 mmol/kg/day 
this represents considerable glucose wastage, 
approximately 15% to 35% of administered 
glucose, but such occasions were exceptional. 

The relationship between glucose excretion 
and sodium (Na) excretion was complex 
(fig 4). The highest values of both occurred in 
the sickest and most immature infants. Low 
values of glucose excretion occurred at all 
levels of sodium excretion but the maximum 
FEGicore Uacreased from negligible to 10% as 
FE, increased from zero to 2%. This is not 
surprising in view of the common proximal 
tubular reabsorptive mechanism for sodium 
and glucose, but the highest values of glucose 
excretion were associated with hyperglycaemia 
and increased filtered load at age 5-15 days, 
whereas filtered sodium load is relatively con- 
stant between babies and sodium excretion 
peaked in the first week. !5 

Low levels of glucose excretion occurred at 
all levels of alveolar-arterial oxygen partial 
pressure difference (AaDpo.,) or arterial: alve- 
olar gradient (aApo, ratio). All but two of the 
high levels of glucose excretion (FE glucose 
>10%, glucose excretion >0:°5 mmol/kg/day) 
occurred when AaDpo, was <100 mm Hg 
(13:3 kPa) or aApo2 ratio >0-3, and almost 
always during the recovery period after severe 
respiratory ulness. 

The few instances of high urme glucose 
concentration (>28 mmol/l, 0:25%) and high 
glucose excretion (>3mmol/kg/day) were 
always isolated and not repeated in any baby. 
However, prolonged glucose excretion >I 
mmol/kg/day occurred in five infants <28 
weeks’ gestation for periods of three to eight 
days when plasma glucose concentration was 
5-13 mmol/l and urine glucose 6-101 mmol/l. 
Most of these occasions were associated with 
a secondary illness, usually with signs sugges- 
tive of necrotising enterocolitis or acute sepsis 
which was proved in three cases. Sometimes 
sodium excretion secondarily increased as well 
but not all instances of sepsis were accom- 
panied by hyperglycaemia and/or high glucose 
excretion. 

No obvious osmotic diuresis was observed 
in association with high urine glucose but it 
cannot be excluded because urine flow rate 
can vary widely from day to day irrespective of 
glucose excretion.!? The table details indices 


Fractional glucose excretion (%) 
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Fractional socisrr excretion (%) 
Figure d Fractional ghiccse excrenon as a function of sodium excrenon in three age 
grown: 
Indices jor tne eght wane sertples tn exght panent: arth the highest urme glucose 
concenirations 
Unne Plasma Utme Urine Urine Unne Glucose Total 
glucose  ghucase osmolah~y sodmam urea flom rate excretion osmolar 
(mml (mmol/l (wosmol (mmol/l) (mmol.  <inl/ke/day) (mmoVkg/ excretion 
day) (mosmol/kg/day) 
10] 13-8 327 42 62 153 155 50 
52 13 192 56 19 202 105 39 
45 134 482 142 86 129 58 62 
4i 8 35) 99 68 43 18 l1 
49 13 195 43 10 88 35 17 
32 10 14-) 70 20 -06 34 15 
29 7 122 16 19 245 71 30 
29 13 319 54 26 42 12 13 


for the eight occasions when urine glucose 
concentration was greater than 28 mmol/l. 
Glucose accounted for up to 31% of excreted 
solute, the rest b2ing mainly sodium chloride 
and urea. Urine osmolality was always well 
within the normai range. 


Discussion 
The normal, mature kidney excretes only very 
small quantities of glucose, the fractional 
excretion by -Ee renal tubule being close to 
0%.!6 17 Gluccse only appears in the urine 
when the plasma glucose concentration 
increases above the threshold for saturation of 
the tubular trersport mechanism.? 469 A low 
glucose threshold 1s often assumed in the 
preterm, but r the present study it is very 
variable even without hyperglycaemia. 
Although glucose excretion was low in 
the majority of samples tested, significant 
glucose spillage can occur when the plasma 
zlucose conceatretion is normal and urine 
zlucose conceacration is only 4-4%, which 
would normally be ignored in clinical practice. 
This may represeat up to 35% of the glu- 
cose energy edministered to the infant 
(6 mg/kg/min glicose input=48 mmol/kp/day) 
and so exceptionally it may represent signifi- 
cant energy was-age. This is nevertheless neg- 
ligible in the macor-ty of samples tested. 
Although glucose reabsorption in the proxi- 
mal tubule dep2nd3 on Na/K ATPase this fail- 
ure to conserve glucose does not parallel sodi- 
um excretion. Failure of glucose conservation 
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implies proximal rather than distal tubular 
dysfunction, whereas failure of sodium reab- 
sorption may occur in all parts of the tubule 
which may account for some instances of high 
FE,,, but low FE,,,..... Developmental studies 
in the rabbit have shown that glucose and 
bicarbonate reabsorption mature before sodi- 
um.® 18 It is likely that in the absence of 
hyperglycaemia failure of glucose reabsorption 
is caused by failure of sodium reabsorption in 
the proximal tubule and depends on the 
degree of tubular immaturity. It cannot be 
due to volume expansion!’ because most of 
these infants are volume contracted. 

The present results for glucose excretion 
are higher than previously reported in less ill 
and more mature infants*’ °? but similar to 
those of one previous study which reported up 
to 45% FESucos I sick ventilated new- 
borns.2° They also reported no difference 
between stable and unstable ventilated infants 
(no measure of respiratory severity was given) 
but much lower levels in unventilated infants. 
These and the present results suggest that 
sickness, such as sepsis but not respiratory 
disease, as well as immaturity contribute to 
failure of tubular glucose reabsorption. 

High levels of excretion of filtered solute that 
the tubules cannot reabsorb may cause an obli- 
gatory increase in flow of filtered water through 
the nephron, an osmotic diuresis. Either exo- 
genously administered osmotic agents, which 
increase plasma osmolality and therefore the 
filtered osmolar load, or the failure of the tubule 
to reabsorb a specific solute such as glucose, 
may have this effect. The presence of un- 
reabsorbable osmoles such as glucose in the 
proximal tubule inhibits the reabsorption of 
water which normally follows the active sodium 
chloride reabsorption.@! In turn this leads to an 
increased flow rate through the tubule and a 
decrease in the sodium chloride concentration in 
the tubular fluid. These effects combine to 
reduce or even eliminate the medullary concen- 
tration gradient. Water reabsorption in the col- 
lecting duct may therefore be minimal even in 
the presence of a high concentration of anti- 
diuretic hormone. Under conditions of maximal 
osmotic diuresis the urine osmolality approaches 
that of plasma whether there is pre-existing 
dehydration or pre-existing water diuresis. An 
osmotic diuresis caused by an increased excre- 
tion of osmoles is usually associated with a 
change in urine osmolality away from the 
extremes. Therefore osmotic diuresis cannot be 
excluded on the basis of normal urine osmolality 
despite a suggestion otherwise.2° 

It is possible, therefore, that on the rare 
occasions when glucose makes a significant 
contribution to an abnormally high total 
osmolar excretion it may cause an obligatory 
increase in water excretion. 

In clinical practice this will not matter so 
long as clinicians pay attention to adjusting 
water input according to estimated water 
excretion (from random urine creatinine!?) 
and weight change. Moreover, there is little 
value in measuring urine glucose; it is more 
important to maintain normal plasma glucose 
concentration by adjusting glucose input. 
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Simultareous measurement of preductal and 
postductal oxygen saturation by pulse oximetry in 
hyaline membrane disease 


F D Macdonak, V YH Yu 


Abstract 

Freductal and postductal oxygen satu- 
ration were <ompared in 20 ventilated 
preterm infants with hyaline membrane 
disease to establish the frequency of right 
te left shunting and to assess the accuracy 
of postductus arteriosus blood gas sam- 
pling. One hundred and thirty eight com- 
parisons were made and the frequency of 
r-ght to left skanting was 17% (95% con- 
fidence interval 12 to 25%). Shunting 
e>isodes with possible preductal hyper- 
oxia occurred far less commonly on a 
maximum of £% of occasions. The find- 
tags in infants under 1000 g and of 24-28 
weeks’ gestation were not significantly 
different from larger or more mature 
iafants. Shurting occurred significantly 
more frequertly in very ill infants who 
subsequently cied as a result of respira- 
tery disease. 


arch Dis Child 1992,67:1166-8) 


‘ventilated premature infants require close 
monitoring of oxygenation. This is currently 
carried out by a variety of methods including 
bdood gas analysis from different sites, trans- 
citaneous monitering of oxygen tension (PO,) 
aad oxygen sawranon monitoring. With the 
e<ception of ar-erial blood samples taken from 
the right arm and saturation probes positioned 
ac this site all m2se methods rely on sampling 
from areas pertmsed by postductus arteriosus 
Hood flow. In -he first day of life bidirectional 
saunting through the ductus may occur and 
this is often proposed as an explanation for a 
poor Po,. Such shunting has been clearly 
demonstrated mm the past by invasive methods 
tut mainly in relatively large babies who were 
predominantly not ventilated.! 2 If significant 
Eidirectional or right to left shunting is occur- 
zng then blood ferfusing the right subclavian 
and carotid arteries could have a substantially 
Higher oxygen content than that being mea- 
sared. This is coviously of greatest relevance 
:n the smalles= and most premature infants 
~2quiring ventlatory support and at greater 
-sk of retinopathy of prematurity. With the 
exception of one previous study’ the problem 
zf shunting ın such infants has been largely 
-enored. Thus i is important to make a com- 
zarıson of oxygenation at a preductal and 
zostductal level in these small infants. The 
=asiest and least invasive method of doing this 
is by the use cf pulse oximeters; this method 
Las been used previously to document right to 


left shunting in the first minutes of life during 
resuscitation of newborn infants.* 

The aim of this study was to identify the 
frequency of right to left ductal shunting at 
the time when postductal arterial blood gas 
samples are obtained and to assess the relia- 
bility of such samples. 


Patients and methods 

Infants of 32 weeks’ gestation and under were 
recruited to the study if they required early 
ventilation for hyaline membrane disease and 
had either an umbilical arterial catheter or a 
peripheral arterial line sited in a lower limb 
artery. During the first 36 hours of life record- 
ings of oxygen saturation were made when 
arterial blood gases were checked. Im- 
mediately before obtaining a blood sample 
Ohmeda Biox 3700 pulse oximeters were 
attached to the right arm and either foot. To 
avoid movement artefact the pulse waveform 
was observed until there was a strong steady 
signal with a pulse rate that matched that on 
the cardiac monitor. It usually required five 
minutes for the infant to settle and the signals 
to stabilise. When there was a reliable signal 
from each monitor a blood sample was taken 
and the saturation readings recorded. All sam- 
ples were obtained and recordings made by a 
single observer (PDM). The oximeter probes 
were shielded from extraneous light to avoid 
interference. 

In the initial studies (first 10 patients and 
76 measurements) the monitor positions were 
switched whenever a saturation discrepancy 
was noted. As this consistently gave the same 
result this practice was abandoned in the later 
studies to minimise disturbance to the babies. 
A saturation in the right arm of at least 3% 
above the lower limb was taken to indicate 
right to left ductal shunting. Such a difference 
represents a right to left ductal shunt of 
approximately 10% of the postductal blood 
flow assuming normal mixed venous satura- 
tion.’ 


Results 

Twenty infants were enrolled in the study 
with a mean birth weight of 1095 g (range 
660-1750). The mean gestation was 27:7 
weeks (range 24-32 weeks). All were venti- 
lated for hyaline membrane disease within six 
hours of birth. A total of 138 comparisons 
were made ranging from four to 11 for each 
infant (mean 6:9 for each infant). Eight of the 


a 


Measurement of oxygen saturanon m hyahne membrane disease 


Table 1 Upper hmuts of Pao, at given lower kmb 








Lower lımòb No of Postductal Pao, (kPa) 
postductal infants 

saturanon (%) Mean Meant! 645 SD 
99-100 4 15.1 18 0 
97-98 12 109 164 
95-96 20 8-8 132 
93-94 26 88 115 
91-92 27 78 10 4 
89—90 16 79 10 2 
87-88 i2 6'9 89 
85—86 7 63 73 
81-84 6 60 75 
70-80 å 56 67 
<70 4 





20 infants weighed under 1000 g at birth and 
11 of the 20 were born at 24—28 weeks’ gesta- 
tion. An initial comparison was made of arte- 
rial oxygen tension (PaO,) and postductal sat- 
uration to identify the upper limits for Pao, at 
each saturation level. Table 1 gives the limits 
(mean+(1-645 SD)) below which 95% of 
values fall. From this it was concluded that 
saturations above the 93-94% bracket could 
be associated with an increased Pao, value 
above 11-5 kPa (87-4 mm Hg). Preductal 
saturations greater or equal to 93% ın the 
presence of a saturation difference of at least 
3% were subsequently viewed as potential 
preductal hyperoxia. 

Table 2 shows the discrepancies between 
the right hand and foot saturation readings. 
On 32 occasions the foot reading was higher 
than the right arm by 1 or 2%; these ‘impos- 
sible’ recordings presumably reflect the reso- 
Jution and accuracy of the monitors. The fact 
that the foot saturation was never more than 
2% above the right hand reinforces our deci- 
sion to define a shunt as a foot saturation of at 
least 3% below that in the right hand. Right to 
left shunting was identified on at least one 
occasion in half the infants. Shunting episodes 
where the preductal saturation was 293% 
(representing possible preductal hyperoxia) 
occurred in five of the 20 infants. 

Examining the infants weighing <1000 g or 
of 24-28 weeks’ gestation showed that neither 
group differed significantly from the heavier or 
more mature infants (Fisher’s test; see table 3). 

Of a total of 138 measurements performed 
on these 20 infants right to ieft ductal shunt- 
ing was shown 24 times: 17:4% of occasions 
(95% confidence interval 12 to 25%). 


Table 2 Saturation discrepancies among measurements 
made 


Difference in No of 
saturation measurements 
foot and right arm (n= 138) 
+3 or greater O 
+2 13 
+i 19 
0 47 
—} 30 
—2 5 
-3 6 
4 5 
-5 3 
£6 3 
—7 i 
-8 1 
-9 2 
-12 2 
-25 i 
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Table 3 Frequency of night to left shunt among infants 
studied 


— 





Characteristic No of No (%) with No (%) wuh 
of infant infants right to preductal 
left shunt oxygen 
saturation 293% 

Gestation (weeks) 

24-28 l1 6 (55) 2 

29-32 9 4 (44) 3 
Weight 

ET 8 4 (50) 2 

21000 12 6 (50) 3 
All infants 20 10 (50) 5 (25) 





Table 4 Frequency of nght to left shunt among 
measurements made 








of infant measure- nghi to preductal 
mants left shunt oxygen 
saturation 293% 
Gestanon (weeks) 
24-28 68 15 (22) 2 
29-32 70 9 (13) 5 
Weight (g) 
<1000 46 8 (17 4) 2 
21000 92 16 (17 4) 5 
All mfants 138 24 (17 4) 76-1) 
95% Confidence 
interval 11510 248% 3410102% 


Shunting with preductal saturation 293% 
occurred on seven occasions. 

Examining measurements in infants of 
<1000 g or gestation 24-28 weeks showed no 
significant difference in the frequency of 
shunting episodes nor of hyperoxic shunts 
compared with the measurements in the 
heavier or more mature infants (table 4). 

Three of the infants died due to severe hya- 
line membrane disease complicated by pul- 
monary interstitial emphysema. Shunting was 
seen in all three infants who died compared 
with seven of the 17 who survived. There was 
a highly significant increased frequency of 
shunting in those who died occurring in 11 
of 16 measurements compared with 13 of 
122 measurements in those who survived 
(p=2-3x10; Fisher’s test). One infant died 
early at 11 hours after birth with evidence of 
shunting on four of four occasions, but even if 
his data are excluded the increased frequency 
remains highly significant (p=5:82x10 5). The 
other two infants survived throughout the 
study and developed shunting later in the 36 
hour period as their disease progressed. Only 
one of the Il episodes was associated with 
possible preductal hyperoxaemia. 

The most marked example of shunting in 
an infant who survived was a 1004 g, 25 week 
gestation infant. She had evidence of right to 
left ductal shunting on four of seven compari- 
sons with saturation differences of 5, 5, 3, and 
6%; her highest preductal saturation with evi- 
dence of right to left ductal shunt was 92%. 


Discussion 

These results confirm that right to left ductal 
shunting is common in the first 36 hours of 
life in these premature infants. The primary 
aim of this study was to identify the extent to 


which posrcuctal arterial blood gas interpre- 
tation can te distorted by right to left ductal 
shunting rather than to document how long 
such sEunts lasted. Such distortion could be 
occurring in. up to 25% of blood gas samples 
(upper limi of 95% confidence interval). 
Preductal ayp2roxaemia occurs much less 
often, however, and does not appear to be a 
major prob.er Our level of identifying such 
preductal hvperoxaemia was chosen as a 
worst possib‘e scenario and is likely to be an 
overestimate. A substantial number of the 
shunting e>.scdes occurred in the most 
severely ill >abies who subsequently died 
of their respicazory disease. We have concen- 
trated cn certifying right to left ductal 
shunting ın zhe more immature infants in 
whom the damgers of hyperoxaemia are great- 
est. Neither infants under 1000 g nor those of 
24-28 weeks” gestation differed significantly 
in their incicence of shunting from the rest of 
the study sarmle. 

Concern kes previously been raised about 
the poss:bilr3 of large right to left shunts 
occurring in >-emature babies. Roberton and 
Dahlenburg ctdied this problem in 21 infants 
with hyaline membrane disease by examining 
paired predictel and postductal arterial 
gases.! Nine of their infants had discrepancies 
in Pao, at tmes when the postductal Pao, 
was with:n the normal range; only one of 
these infants aas of less than 32 weeks’ gesta- 
tion. Eight of -heir 21 infants were ventilated 
at some time sut only three appear to have 
been ventilated during the study penod. It 
is thus difficit to apply their data to the 
smaller, less meture ventilated infant. 


Macdonald, Yu 


Pearlman and Maisels examined preductal 
and postductal transcutaneous Po,.? Most of 
their infants were ventilated but not all. Their 
results were reassuring, concluding that clini- 
cally important differences between preductal 
and postductal Po, were infrequent and short 
lived. Their study enrolled relatively mature 
infants up to 35 weeks of gestation, however, 
and only included three infants under 1000 g. 

Our results are consistent with those from 
previous studies but provide additional data 
relating to the more premature and smaller 
infants. We are reassured that postductal arte- 
rial gas measurements are a safe means of 
monitoring oxygenation in these infants. 
Placement of twin oximeter probes on the 
right hand and a foot appears to be an effec- 
tive method of identifying right to left ductal 
shunting. Although preductal hyperoxaemia 
resulting from such shunts is uncommon, it is 
reasonable to preferentially use the right hand 
if using a pulse oximeter in ventilated prema- 
ture infants. 


1 Roberton NRC, Dahlenburg GW Ductus artenosus 
shunts in the respiratory distress syndrome. Pediatr Res 
196933:149~-59 

2 Rudolph AM, Drorbaugh JE, Auld PAM, st al Studies on 
the circulanon m the neonatal penod Pediames 1961, 
27:55 1-66 

3 Pearlman SA, Maisels MJ Preduczal and postductal trans- 
cutaneous oxygen tension measurements in premature 
infants with hyaline membrane disease, Pediamecs 1989; 
83:98—100. 

4 Mewer-Stauss P, Bucher HU, Hurlumann R, Kong V, 
Huch R. Pulse oximetry used for documentng o 
saturation and nght to let shunting immediately after 
birth Eur F Pehatr 1990,149:851-5 

5 Gersony WM, Duc GV, Dell RB, Smclar JC Oxygen 
method for calculation of nght to left shunt new applica- 
uon m presence of nght to left shunting through the duc- 
tus artenosus Cardovasc Res 1972,6:423-8 
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Effect of patency of the ductus arteriosus on blood 
pressure in very preterm infants 


Nick Evans, James Moorcraft 


Abstract 

Forty one preterm infants (birth weight 
<1500 g) were studied by daily Doppler 
echocardiography for the first week of life 
to examine the effect of a haemo- 
dynamically significant ductus arteriosus 
(HSDA) on systemic blood pressure. 
Hourly records of blood pressure were 
averaged for each infant to produce a 24 
hour mean value and the infants were 
then allocated to groups according to 
whether, by echocardiographic criteria, 
there was a HSDA on that day. 

In infants from 1000 to 1500 g the dif- 
ferences in all parameters of blood pres- 
sure between those with and without a 
HSDA were not significant. In infants 
<1000 g the mean blood pressure was sig- 
nificantly less in the infants with a HSDA 
throughout the first week of life. Systolic 
blood pressure was reduced by as much 
as diastolic blood pressure and as a result 
the pulse pressure did not differ. Infants 
<1000 g with a HSDA were given more 
plasma and a greater number received 
inotropic support. Gestational age, res- 
piratory disease severity, and compli- 
cation rates did not differ between those 
with and without a HSDA. 

The possibility of a clinically silent 
HSDA should be considered before large 
amounts of plasma volume expanders are 
given to treat hypotension in infants 
<1000 g. 


(Arch Dis Child 1992, 67:1169-73) 


The classical description in many textbooks 
of neonatology of the effect of shunting 
through a haemodynamically significant duc- 
tus arteriosus (HSDA) on blood pressure is 
that it leads to a decrease in diastolic blood 
pressure causing a widened pulse pressure 
and hence bounding peripheral pulses.! 
Although this is true in older infants and 
children there 1s little published work to sup- 
port this statement in preterm infants, partic- 
ularly ın the first week after birth when diag- 
nosis is SO important. 

During a Doppler echocardiographic study 
of ductal shunting in preterm infants? we 
became aware that large, often clinically 
silent, ductal shunts seemed to be associated 
with a more global reduction in systemic 
blood pressure and that some of the smaller 
infants seemed to be requiring more medical 
support to maintain an acceptable blood pres- 
sure. These observations agreed with the find- 


ings of Ratner et al who showed that a HSDA 
was associated with a reduction in systolic and 
diastolic blood pressure.’ Ratner et al used the 
left atrial aortic root ratio as an isolated mea- 
surement to assess ductal status and some 
indirect blood pressure measurements,’ both 
of which could have limited the accuracy of 
their observations. We decided to re-examine 
this issue in preterm infants with a birth 
weight <1500 g using direct two dimensional 
and Doppler echocardiographic diagnosis and 
only measurements of blood pressure made 
through an intra-arterial catheter. 


Subjects and methods 
All subjects were studied with an ATL 
Ultramark 4 scanner with range gated pulsed 
Doppler. Cross sectional imaging was per- 
formed with a 7:5 MHz transducer incorpo- 
rating a 5 MHz Doppler crystal. Infants, 
where possible, had daily echocardiographic 
examinations for the first week of life (first five 
days in infants, birth weight >1000 g) with 
the first study within 24 hours of birth. 
Occasional days were missed for technical or 
clinical reasons; blood pressure data from 
these days were not included in the analysis. 
Normal cardiac anatomy was confirmed then 
the ductus was imaged from the high left 
parasternal position, the Doppler sample vol- 
ume was placed in the pulmonary end of the 
duct, and the flow pattern recorded. The duct 
was Classified as ‘closed’ when patency could 
not be imaged and no flow could be detected 
on a pulsed Doppler search of the pulmonary 
end of the duct. It was classified as ‘restrict- 
ing’ when local restriction or no patency could 
be rmaged but a Doppler flow of variable sig- 
nal intensity was recorded, and as ‘widely 
patent’ when unrestricting patency was 
imaged and a strong Doppler flow signal 
recorded. When ductal patency was estab- 
lished, the left atrial to aortic root ratio 
(LA:Ao) was measured according to pre- 
viously reported criteria* as a quantitative 
measure of the degree of left to right shunt. A 
mean of three measurements was taken. 
Hourly measurements of systolic blood 
pressure, diastolic blood pressure, and mean 
blood pressure were recorded from the time of 
insertion of the intra-arterial catheter. 
Umbilical lines were size 3-5 FG Argyle 
catheters; peripheral arterial catheters were 
24GA Quik-Cath (R) cannulae. The catheter 
site was postductal (umbilical, left radial, or 
posterior tibial) in 17 of the 20 infants who 
developed a HSDA and in 19 of the 21 


L170 


infants who did not; the other catheters were 
preductal in the right radial artery. All 
catheters were connected for continuous arte- 
rial v>ressire monitoring to a Viggo- 
Spectramed (R) Quartz transducer placed at 
mud-thorac c level, which was in turn con- 
nectec to a Hewlett-Packard HP78834A 
multichanm| monitor. All systems were 
routinely recalibrated according to the manu- 
facturers’ recommended protocol at least once 
every 24 hours. Pulse pressure was calculated 
from the diference between the systolic blood 
pressure and the diastolic blood pressure. The 
signal was regarded as damped when the pulse 
pressure was less than 12 mm Hg; only the 
mean blood pressure was used from these 
recordings. For each infant the hourly 
measurements of systolic blood pressure, dias- 
tolic blood pressure, and mean blood pressure 
were averaged over each day to produce 24 
hour mears for each parameter. For the 
purpose of this study we defined HSDA as a 
widely patent duct from which a strong 
Doppler signal could be recorded where the 
LA:Ac ratio was greater than or equal to 1-5. 
The 24 hoar means for blood pressure para- 
meters werz allocated to groups according to 
whether the duct fulfilled these criteria within 
that 24 hour penod. 

Forty one preterm infants were studied over 
two six menth periods which ended in 
February 1390 and August 1991 respectively. 
All infants <1500 g who had satisfactory intra- 
arterial blood pressure monitoring were 
recruited during these periods. The only 
infante not included were born when the 
investizator with the echocardiographic skills 
ONE) was cu leave. The results were analysed 
in two different weight groups: <1000 g (n=16) 
and 1C00—1500 g (n=25). Eight of the <1000 g 
and 12 of the >1000 g infants developed a 
HSDA during this study. In the two weight 
groups the mean gestation and birth weight 
did not difter significantly between those that 
did and did not develop a HSDA (table 1). 

Befcre the beginning of this study, the diag- 
nosis of a HSDA in this unit was made from 
the development of clinical signs and then 
confirmed bv echocardiography. In order that 
prospective echocardiography did not change 
clinical precuce with regard to support of 
blood pressure, it was agreed with the doctors 
in charge cf the infants that they would be 
blind to the echocardiographic findings unless 
there were 3pecific clinical concerns, in which 
instance the findings would be made known 





to them. Ta current clinical practice on this 
unit with respect to blood pressure in very low 
Tale 1 Gestanoa ana bth weight of infant anth and without a HSDA 
nans unth Infants torthout 
HaDA HSDA 
(LA.Ao >l 5) (LA Ao <1 5) 
Infants 1000-1500 = 
wican (range) gesiatior (Cereeks) 2&€ (27-31)- 29:2 (27-31 


wiean (range) birch weigh: (g) 


Infants <:000 g 


“ican (range) geetatior (weeks) 
Mesan (range) birch wegix (g) 


yt 
1253 (1005-1500)* 1250 (1009-1500)+ 


25E (24-29) 
71D (500-950}} 


26 6 (24-30}ł 
780 (620-940) 





“n=12, þn=13, {n=E 
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birthweight infants is to try to maintain the 
mean blood pressure at or above 30 mm Hg. 
Initially plasma or blood are used as volume 
expanders, with 10 ml/kg given over 30 min- 
utes and repeated if necessary. If the response 
is not maintained dopamine is started at a 
dose of 5 ug/kg/min and increased if necessary 
to a maximum of 20 ug/kg/min. 

The study was approved by the central 
Oxford regional ethics committee. Statistical 
analysis was by unpaired Student’s ż test, 
Wilcoxon rank sum test, and the y? test. 
Significance was accepted at p values of less 
than 0-05. 


Results 
WEIGHT GROUP 1000-1500 g 
Blood pressure 
Over the first five days of life the average 
mean blood pressure was slightly lower in the 
group with a HSDA (fig 1). The differences 
were small and not statistically significant. 
Mean systolic blood pressure and mean dias- 
tolic blood pressure were lower by similar 
amounts in the group with a HSDA with no 
disproportionate reduction in diastolic blood 
pressure (fig 2). Again the differences were 
small and not significant. As a result of the 
mean pulse pressure did not differ between 
the two groups. Table 2 gives the number of 
studies for each group on each day. 

Further subdividing the infants with a 
HSDA into weight groups 1000-1200 g and 


EE With HSDA 
50 C1 Without 
HSDA 

T 45 
T - 
E a P 
D 
5 35 
3 
> 
a 30 

25 

0 1 2 3 4 5 6 
Day of life 


Figure 1 Mean (SD) mean blood pressure in infants 
1000-1500 g comparing those with a HSDA with those 
without. 


EE With HSDA 


Pressure (mm Hg) 





Day of life 


Figure 2. Mean (SD) systokc blood pressure (upper two 
lines) and mean diastolic blood pressure (lower two knes) m 
wmfants 1000-1500 g comparmg those with a HSDA wth 
thase without 
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Table 2 Number of studies on each day after birth for 
each weight group 





Day of fe Infants 1000-1500 g Infants <1000 g 
HSDA No HSDA HSDA No HSDA 
I 5 18 7 6 
2 9 15 7 8 
3 1] 13 6 9 
4 8 13 8 7 
5 7 10 7 8 
6 — — 7 9 
7 — — 7 8 





1201-1500 g did not change this analysis. 
The five day cumulative mean mean blood 
pressure values were 39 and 37-4 mm Hg 
respectively. 


Resptratory disease 

Criteria of acute respiratory disease severity 
are compared in table 3 for those with and 
without a HSDA in this weight group. Mean 
maximum fractional inspired oxygen (FIO,) 
and time spent in Filo, >0-5 did not differ; 
however, the mean maximum mean airway 
pressure (MAP) was significantly higher in 
those infants with a HSDA. 


Complications 

The incidence of complications which might 
also be associated with low blood pressure are 
compared in table 4. None of the differences 


is significant. 


WEIGHT GROUP <1000 g 

Blood pressure 

Over the first seven days the average mean 
blood pressure was significantly lower in the 
group with a HSDA (fig 3). The mean systolic 
blood pressure was not consistently signifi- 
cantly lower until day 4, the difference just 
reaching significance on day 1 (p=0-03) but 
not on days 2 and 3 (fig. 4). Mean diastolic 
blood pressure was significantly lower in those 
with a HSDA throughout the week, with all 
the infants’ diastolic blood pressure falling 
into a narrow band between 20 and 24 mm Hg 
by day 7 (fig 4). Mean pulse pressure did not 
differ significantly between the two groups. 
The number of studies on each day for each 
group are shown in table 2. 


Respiratory disease 
Parameters of respiratory disease severity are 
compared for this group in table 3. There are 


Table 3 Parameter: of acute restiratory disease in tnfants studied 


Infants mth Infants without 
HSDA HSDA 
(LA-Ao >1 5) (LA-Ao <15) 
Infants 1000-1500 g 
(SD) mmanrım Fio 071 (0:25)* 06 (0-21 
Mean SD mannm MAP (cm H,0) 115 (35) 79% eae 
Mean (SD) time Fro, >0-05 (hours 61-25 (38-9) 59 GOF 
ee 
ean (SD) maximum Fro 0 57 (0 3)t 0-57 (03 
Mean (SD) maximum MAP (cm H,0) 9-9 (2-B)t 46 (4-64 
Mean (SD) nme Fio, >0 05 (hours) 414 (54)$ 419 (46)4 


“n=12, n=13; M=8 **p<0 05. 
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Table 4 Com rates m mfants studied. Results 
given as No (%) of mfants 





Infants with Infants mthout 





HSDA HSDA 
(LA‘Ao>1i 5) (LA:Ao <I 5) 
Infants 1000-1500 g 
IVH (grade 2 or more) 7 (58)* 3 (23)t 
Pneumothorax 2 (16)* 4 (131)t 
Infecnon 1 (7 5)* 0 
Infants <1000 g 
IVH (grade 2 or more) 3 (37)F 2 (25) 
Pneumothorax 1 d2 2 (25) 
Infection 1 (12-5)¢ 1 (12 5) 


IVH, mtraventncular haemorrahge. *n=12, tn=13, {n=8 


no significant differences between those with 
and without a HSDA. 


Complications 

The incidences of complications associated 
with low blood pressure are compared in 
table 4. None of the differences is significant. 


Treatment for hypotension 

Over the first five days the infants with a 
HSDA received a mean of 15-7 ml/kg of 
plasma compared with 8-2 ml/kg in those with 
no HSDA. Four of the eight in this group 
with a HSDA required a dopamine infusion to 
maintain an acceptable blood pressure com- 
pared with one of eight in those with no 


EE With HSDA 


S 


Pressure {mm Hg) 
S Eh 





Day of life 


Figure 3 Mean (SD) mean blood pressure m infants 
<1000 g comparing those wth a HSDA with those 
without; *p<0-0S 






EER With HSDA 
CIJ Without 
HSDA 


55 


45 


Pressure (mm Hg) 


0 1 2 3 4 5 6 7 8 
Day of life 


Figure 4 Mean (SD) systole blood pressure and mean 
diastolic 


blood pressure in mfants <1000 g comparing those 
with a HSDA unh those without; *p<0-05. 
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HSDA. Neither of these differences reach 
statistical sizn ficance. 


Discussion 

This study has shown that a HSDA ın very 
preterm infants over the first week of life is 
associated witi a reduction in both systolic 
blood pressare and diastolic blood pressure 
and as a result the pulse pressure is not signif- 
icantly affecced. This is in keeping with the 
findings of Ratner et al? In contrast to 
Ratner’s study. however, we have shown the 
most dramatc -eductions in blood pressure in 
those infants of <1000 g. Ramer did not look 
separately at this group of infants, analysirg 
data on all icfants of <1200 g. In our analysis 
the mean bocd pressure in those with a 
HSDA did aot differ significantly between 
infants of 1000-1200 g and those of 
1201-1500 g. 

In basic pLys_ological terms blood pressure 
ig a product of cardiac output and systemic 
vascular resistance. Although systolic blood 
pressure and diastolic blood pressure are 
affected by both these factors, systolic pres- 
sure is more atected by changes in cardiac 
output, particalarly in stroke volume and ejec- 
tion velocity, acd diastolic pressure is more 
affected by chanzes in systemic vascular resis- 
tance.> In su>jects with normal myocardial 
function and reserve, the left ventricle will 
respond to tke increased volume load pro- 
duced by a et: to right ductal shunt by 
increasing streke volume and consequently 
peak ejection velocity. As a result systolic 
pressure will be relatively protected whereas 
diastolic pressire will decrease due to the 
effect of the peteat duct on systemic vascular 
resistance. 

The immature myocardium of the very 
preterm infant has incomplete sympathetic 
innervation and “ess contractile tissue mass® 
and so will have jess reserve to cope with the 
volume load which results from a large ductal 
shunt. There is however, evidence from stud- 
ies on preterm animals’ and humans? that, 
particularly in zhe first few days of life, the 
immature heart is capable of producing fairly 
Significant increases in cardiac output in 
response to ductal shunting. Baylen er al 
pointed out that ir preterm lambs cardiac out- 
put was maintained at the expense of increas- 
-ng left ventricular end diastolic volume and 
speculated that tne immature myocardium 
might ‘be unable to sustain this response over 
a period of time.’ Rudolf et al described two 
patterns of haernodynamic response to large 
artificial aortopalmionary communication in 
dogs: one in which arterial pressure was main- 
tained with increased cardiac output as 
already described and the other, seen in older 
cogs, where output and arterial pressure 
Gecreased.? They speculated that the latter 
response reflected .ess myocardial reserve. In 
our study the infarcts >1000 g with a HSDA 
had slightly but rot significantly lower systolic 
pressures, suggestirg that on the whole these 
infants can increase output to protect pres- 
sures in line witk the first response described 


Evans, Moorcraft 


by Rudolf et al? In contrast the infants <1000 g 
with a HSDA had markedly lower systolic 
pressures. Systolic pressure in this group was 
not consistently significantly lower until after 
day three, suggesting that some of these 
infants may have produced an initial compen- 
satory increase in cardiac output which then 
failed in line with the second response 
described by Rudolf et al.? 

The patent duct also causes a decrease in 
diastolic pressure by reducing systemic vascu- 
lar resistance. In the infants >1000 g the dias- 
tolic pressure was not significantly lower in 
those with a HSDA. The effect the patent 
duct has on systemic vascular resistance will 
in turn be dependent on the pulmonary vas- 
cular resistance. Most of these infants had 
hyaline membrane disease and so pulmonary 
vascular resistance is likely to have been high.” 
This would reduce the effect of the duct on 
systemic vascular resistance. Despite this the 
usual direction of shunting was left to right 
and by the LA:Ao ratio criteria most became 
significant within three days of birth. This 
is in line with the observations of other 
workers® !° and is not inconsistent with the 
presence of increased pulmonary vascular 
resistance. The diameter of the defect, as well 
as the pressure differential, will be an impor- 
tant determinant of shunt size. We have 
observed anecdotally that the diameter of the 
ductus arteriosus is greatest in the first few 
days of life with a tendency to decrease in size 
with age. 

In contrast the infants <1000 g with a 
HSDA had consistently and significantly 
lower diastolic pressures. This may have 
reflected the cumulative effect of myocardial 
failure and reduced systemic vascular resis- 
tance; on the whole this group had less severe 
acute respiratory problems. 

In all infants with a HSDA the consequence 
of similiar reductions in systolic blood pres- 
sure and diastolic blood pressure is that the 
pulse pressure was not significantly affected. 
This implies that a widened pulse pressure is 
not a useful physical sign in the first week of 
life. Despite this many of the infants with a 
HSDA did develop full pulses. This suggests 
that other factors may also be important in the 
perception of full pulses, such as increased left 
ventricular stroke volume and ejection velo- 
city. This study was made during the first 
week after birth; we limited it to this period 
firstly because this is the important period 
diagnostically and secondly because this 1s the 
time that blood pressure ıs most consistently 
monitored for clinical reasons. With increas- 
ing age it might be expected that the more 
classical picture would emerge, firstly because 
pulmonary vascular resistance will fall and 
secondly because hypertrophy will start to 
compensate for the lack of myocardial reserve. 

The significant hypotension seen in several 
of the infants <1000 g with HSDA is reflected 
in the higher use of volume expanders and 
inotropes. If a HSDA is the cause of hypoten- 
sion in these infants then neither of these 
treatments are appropriate. Plasma and blood 
products will increase the volume load on an 


Effect of patency of the ductus arteriosus on blood pressure m very preterm infants 


already volume overloaded heart. In addition, 
although dopamine will have an inotropic 
effect, it will also increase systemic vascular 
resistance which could theoretically increase 
the left to right shunt. The most appropriate 
treatment would be medical or surgical clo- 
sure of the ductus arteriosus. 

This study has shown that the haemody- 
namic effects of HSDA can be demonstrated 
well before it becomes clinically apparent and 
that ın extremely low birthweight infants the 
possibility of a clinically silent HSDA should 
be considered before large volumes of plasma 
expanders are given to treat hypotension. 

We thank Drs Andrew Wilkinson, Peter Hope, and Kevin Ives 


for ther help and advice and for allowing us to study the 
infants under their care 
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Tabe i 


MMaltiple Dregnancy 
Mode of d2ivery 
Flace of tarth 


Qutceme tonables: 

Survival 

Parenchymal haemorrhage: 
BPD 

Ventr-culcpertoneal shunt 


Paeumothroax 
Persiscent ductus artenosue 


Sepucacnm.E 
Necrousing enterocolins 


Archives of Disease in Childhood 1992; 67: 1174-1176 


Annual audit of neonatal morbidity in preterm 


infants 


R W I Cooze 


Abstract 

Annual ocds ratios, standardised for 
known contcunding variables, were used 
to examine trends in major neonatal 
morbidities among 3220 preterm infants 
of less than 35 weeks’ gestation admitted 
to a regional referral centre between 1980 
and 1991. Despite improved survival, the 
risk of major cerebral haemorrhage, ven- 
triculoperiteneal shunt insertion, and 
necrotising enterocolitis was unchanged. 
A recent reduction in risk of pneumo- 
thorax and persistence of the arterial 
duct was noted. An increased risk for 
chronic lung disease over time could be 
accounted jer by increased survival, 
although a similar increase in risk for 
infection remained unexplained. 


“Arch Dis Child 1992: 67:1174-6) 
Medical audit airas to examine critically the 


structure, prozess, and outcome of medical 
care. In the feld of neonatal intensive care, 


Defrmtions of ~esertpime and outcome variables used n the analyses 


Arth weight in grams 
‘estational age in completed weeks 
idale/fernale 

"f=3/no 

‘Jaginal/cacaarean section 
Eborn/outborn 


Survival to discharge Form unit 

U trasound scan eviceace of parenchymal haemorrhage or 
infarchon 

Oxygen depend=ncy at 28 days with radiographic changes in 
previously ventlatec mfant 

Tseament of hydrocen_aaly by insertion of ventriculoperitoneal 
or atmal shun- 

Preumothorax treated by thoracocentesis 

CInical diagnos.s of ductal shunt which resulted in change in 
mn ent 

Pz3mve blood culture 

Clinical diagnosss supported by radiographic, surgical, or 
necropsy findings 


Table 2 Descreptve varezbles that significant cher ged oven the study period 


1980 1981 %982 

Cratborn 78 86 94 
Indom 147 183 95 
(C4) (65) (68) 57) 
Vewinal 

delivery 155 164 178 
Cassarear 

secoon 70 105 [li 
(o) (31) (39) 38) 
Gestation (weeks) 

28 44 59 #2 

28-31 87 1038 D8 

52-34 94 #102 LS 


1383 1984 12985 186 1987 1988 1989 1990 1991 
35 76 381 #7 8 58 73 65 62 
234 205 204 287 183 161 189 208 181 
273) 03) CD C3 (67) (73) (72) (76) (74) 
x? for trenc, 7 53, p=0 006 
1¢1 140 149 38 154 123 125 145 145 
1z7 141 136 156 117 96 137 128 98 
(£0) Se (£8) 755) (43) (44) (52) (47) (40) 
x? for trend, 13 £, p= 0002 
B 4 54 B 60 54 57 55 59 
12> 120 127 Kt 117 81 106 101 97 
135 115 107 8 94 84 99 II? 87 


x? for trend. 6-1, p=0 J1 


while structure and process are relatively easy 
to assess, it is often difficult to interpret the 
significance of observed differences in out- 
come between centres or over time. Data con- 
cerning the outcome of neonatal intensive 
care, by the nature of the specialty, are largely 
derived from referral centres, whose patient 
populations are subject to selection biases. 
Outcome in terms of survival and neonatal 
morbidity are well known to be affected by 
variables such as birth weight, gestation, sex, 
multiple pregnancy, mode of delivery, and 
place of birth. Differences in outcome 
between centres or from year to year in a sin- 
gle centre may be due to changes in popula- 
tion variables such as these, rather than to any 
response to medical intervention or manage- 
ment. Similarly, where morbidity is contin- 
gent upon neonatal survival, changes in sur- 
vival alone may alter the prevalence of 
morbidity. In order to be able to interpret 
changes in neonatal morbidity in preterm 
infants over time in a single referral centre, 
annual trends have been examined after stan- 
dardisation for known confounding variables 
and the effect of improved survival. 


Patients and methods 

All infants of less than 35 weeks’ gestation 
admitted to the Mersey Regional Intensive 
and Special Care Unit between 1 January 
1980 and 31 December 1991 were included 
in the study. By using the admission registers, 
case records, cranial ultrasound records, and 
microfilmed intensive care sheets the year of 
birth and descriptive and outcome variables 
were obtained for each infant (table 1). The 
descriptive variables were cross tabulated with 
the year of birth to examine for changes in the 
nature of the patient population over the 12 
year period. The same variables were then 
similarly compared with the outcome vari- 
ables to see which might act as confounding 
variables when trends in annual prevalence of 
the outcomes was examined. Each outcome 
variable was then entered into a logistic 
regression analysis as the dependent variable 
with each year and the identified confounding 
variables as the independent variables. From 
the analyses, the odds ratio and its 95% confi- 
dence interval for the risk of each outcome for 
every year compared with 1980, and stan- 
dardised for the other significantly related 
variables, was obtained. For outcomes where 
the odds ratio significantly changed over the 
period studied, a further analysis was per- 
formed including death and/or that outcome 
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Table 3 Outcome variables whose mcidence was related to the deseriptrve variables on cross tabulation 
Surorval Parenchymal Ventriculo- BPD Pneumothorax Pernstent Sepucaemia Necrousing 


Aaemorrhage peruoneal shunt 


ductus enterocolitis 


arteriosus 

Muluple 0 74 016 0 26 0 04 0:47 0:79 012 0 97 
Inborn <0 001 <0-001 <0 001 <0001 <0-001 <0 001 <0 001 <0 001 
Sex 0-01 0 93 0 04 031 014 003 0 63 0 39 
Cacsarean 

section <0 001 0001 075 0 37 0 40 0 43 0 83 0 96 
Gestanon <0 001 <O-001 <0 001 <0-001 <0 001 <0 001 <0 001 <0 00} 
Birth weight <0 001 <0 001 <0 001 <0001 <0001 <0:001 <0 001 <0-001 


Exact probabilines are used except where shown 


3 O Survival O BPD A Death and/or BPD 
) 


A 7 O 
iy apie nn 
‘NZ Á 


A A 
^ 


Odds ratio 


0-3 
1980 1981 1982 1983 1984 1986 1986 1987 1988 1989 1980 1991 


Year 


Figure 1 Annual odds ratios for surowal, BPD, and death and/or BPD, 95% confidence 
intervals are omitted for clarity. 


3 O Septicaemla O PDA A Pneumothorax 


o - - 
E a L 
S 
- E 
o B 
pur 
g 7y ai DD ames ® AN A 
EESTLASE 
O 
3 Poot 
© O & 
á a 
0-3 
1980 1981 1982 1883 1884 1985 1986 1987 1988 1988 1890 1991 


Year 


Figure 2 Annual odds ratios for sepucaemia, persistent ductus artertosus (PDA), and 
pneumothorax, 95% confidence tntervals have been omitted for clarity 


3 O Parenchymal O VP shunt A NEC 
haemorrhage 


‘A 


Odds ratio 


0-3 
1980 1981 1982 1983 1984 1985 1888 1987 1988 1989 1980 1991 
Year 


Figure 3 Annual odds ratios for parenchymal haemorrhage, ventnculoperitoneal (VP) 
shunt, and necrotesing enterocohns (NEC); 9£% confidence intervals have been omntted for 
clarity, 


as an independent variable to correct for the 
effect of improved survival, and the resulting 
odds ratios re-examined. 

The x? test and y* test for trend were used 
to test for significance in the cross tabulations, 
and the logistic regression was performed 
using the Logit option of the Probit program 
in SPSS-X Release 3-1! 


Results 

A total of 3220 infants were included in the 
study. Data were complete apart from cranial 
ultrasound scans that were not performed on 
431 infants who were either larger well infants 
or those with lethal malformations. Of the 
descriptive variables, lower gestation, and 
increased frequency of caesarean section and 
inborn delivery were seen in more recent years 
(table 2). Outcomes were significantly as- 
sociated with gestation, birth weight, inborn 
delivery, sex, and birth by caesarean section 
(table 3). The odds ratios for survival, bron- 
chopulmonary dysplasia (BPD) and sept- 
caemia increased for more recent years (figs 1, 
2, and tables 4, 5). A trend to reduction of 
risk for pneumothorax and persistent ductus 
arteriosus was seen (fig 2, table 5), but not for 
parenchymal cerebral haemorrhage, insertion 
of a ventriculoperitoneal shunt, or necrotising 
enterocolitis (fig 3). 

The effect of increased survival in more 
recent years was taken into account by calcu- 
lating the odds ratios for ‘death and/or BPD’ 
for each year. In no year did these signifi- 
cantly exceed 1 (fig 1, table 4). A similar cal- 
culation for septicaemia showed a residual 
trend to increased risk in recent years. 


Discussion 

Using a logistic regression technique, ıt has 
been possible to examine trends in survival 
and neonatal morbidity over a 12 year period 
after standardising for known confounding 
variables. Despite the marked improvement in 
survival in recent years, morbidities such as 
major cerebral haemorrhage and infarction, 
shunted hydrocephalus, and necrotising ente- 
rocolitis are as likely to occur now as in 1980. 
The occurrence of persistent ductus arteriosus 
and pneumothorax have also remained sub- 
stantially unchanged except in the last year or 
two when both have been significantly less 
likely to occur. The greatest improvements ın 
the chance of survival have also been in the 
last two years. A possible explanation for these 
findings isthe introduction of surfactant treat- 
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ment for Æ infants likely to benefit from it. 
Reduction cf persistent ductus arteriosus and 
pneumothcrax as well as improved survival 
have been rot2d as important effects of sur- 


factant treetment.? There has been a signifi- 


Tase 4 Annual ocds rano- (with 95% confti.nce mtervals) for survival, BPD, and 


deata and/or BPD 

Vear Survreal BFS Death and/or BPD 
198} 1-22 © 96 to I 55) 6 73 (0 48 to i 27) 0-78 (0 60 to 0 98) 
1982 1-19 © 94 to E52) 1 33 (0°82 to 2 10) 0 94 (0 73 to 1-19) 
1983 1-36 (1 08 to E75) 0 83 46-56 to 1 41) 0-68 (0-53 to 0 87) 
1984 1-31 (. 02 to 1-68) 1 4. C4 to 2 13) 0:77 (0 60 to 1 98) 
1983 132( 04to 1-70) 1:32 “0-£7 to 2 00) 0-79 (0-62 to 0 01) 
1985 1 48 ( +15 to reas 1 23 0€4to 1 94) 070 (0 55 to 1-90) 
1387 1:50 C 18 to 1 94 1-33 70 £9 to 2 01) 0 74 (0-58 to 1 95) 
1388 1-40 C 09 to 1 84) 2°38 1-€1 to 3 49) 1°06 (0-82 to 1 36) 
1989 1-55 (= 20 to 2 01) 2°l¢ 1-47 to 3°18) 0 98 (0-77 to 1 26) 
1990 1-65 (I 27 to 2 15) 19€ 1-35 102 94) 0 81 (0 63 to 1 04) 
199] 2 08 (I 57 to 2776) 2 3% + 1-41 to 3 48) 0-91 (0-71 to 1 18) 


Table5 Annual odds ratio: (unth 95% en puervals) for septicaemia, 


persiscert ductus arterosus, ard pneumothecrax 


Year 


1981 
1982 
1983 
1684 
1$85 
1986 
1987 
1988 
1989 
1990 
1931 


Sepiica-ma Persssera Jetus Pneumothorax 
arter-Gus 

1 30 (0 97 to 1-74) 0-96 Q-79 to 1 22) 1 06 (0 82 to 1 37) 
152 (1 15toZ1) 0 840 6510107) 0 99 (0 82 to 1 37) 
157 (1 19 to 297) 0-99 O 78 to 1:25) 0 78 (0 60 to 1 03) 
1:84 (1 39 to 212) 1 11 0 8E to 1 40) 0 96 (0 74 to 1 25) 
1 96 (1-49 to 2-38) 0 88 (3-58 to 1 13) 0 80 (0 61 to 1 06) 
2 01 (1 53 to 2-44) 0 79 (52 to 1 03) 0 92 (0 71 to 1-19) 
211 (1 61 to 2-78) 0-70 (9 52 to 0 89) 0 83 (0 63 to 1 08) 
2 29 (1-73 to 3 #3) 0 85 (#-64 to 1 11) 0:88 (0-67 to 1:17) 
2°48 (198 to 3 25) 0 78 19 6C to 1 01) 1-01 (0 78 to 1-31) 
2 45 (2-90 to 3 £7) 0 76 20-5E to 0-99) 0 85 (0 641to 1 11) 
2 66 (220 to 3-£7) 0-72 “C 54 to 0 94) 0-59 (0 42 to 0 82) 
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cant increase in the risk of BPD. While it has 
been possible to show that specific factors 
may be responsible for this increase in high 
risk subgroups,’ the overall trend to higher 
risk for developing BPD may simply be re- 
lated to increased survival of very preterm 
infants. When the risk of death and/or BPD 
ig examined, the odds ratio for this outcome 
does not significantly exceed 1] in any year, 
suggesting that most of the increased occur- 
rence of BPD is indeed related to improved 
survival. The risk of septicaemia has con- 
tinued to increase over the study period, and 
could also be related to improved survival of 
high risk infants. After standardising for sur- 
vival in a similar way, however, the increas- 
ing risk for septicaemia over the years per- 
sisted. It may be that a variable such as 
increased duration of stay in the unit is more 
important. 

The use of an audit method as described 
can be an ongoing process, and may identify 
real changes in morbidity over time in a large 
referral centre, allowing assessment of the 
effect of management policies, and the high- 
lighting of problems requiring further study. 


1 SPSS Inc SPSS-X users guide, 3rd Ed Chicago SPSS Inc, 
1988 

2 Soll RF Synthetic surfactant therapy for RDS. In 
Chalmers I, ed. Oxford database of perinatal mals. Version 
12 Diskissue 6 Autumn 1991 Record 5252 

3 Cooke RWI Factors associated with chronic lung disease 
im preterm infants. Arch Dis Child 1991,66:776-9 
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Prediction of neurodevelopmental outcome in the 
preterm infant: short latency cortical 
somatosensory evoked potentials compared with 


cranial ultrasound 


L S de Vries, P Eken, V Pierrat, H Daniels, P Casaer 


Abstract 

One hundred and twenty six preterm 
infants, with a gestational age of 34 weeks 
or less, were studied to compare the pre- 
dictive value of somatosensory evoked 
potentials (SEPs) with that of cranial 
ultrasound. A normal Ni latency was no 
guarantee of a normal outcome, nor did a 
persistently delayed N1 latency always 
correlate with a poor outcome. As a pre- 
dictor of cerebral palsy, SEPs had a 
sensitivity of 44% and a specificity of 
92°%. The presence of a large hae- 
morrhage (grade MNb/OI) or cystic leuco- 
malacia on cranial ultrasound predicted 
cerebral palsy with a sensitivity of 73:6% 
and a specificity of 83-1°%. These results 
demonstrate that the role of SEPs 
recorded after median nerve stimulation 
is limited in preterm infants. 


(Arch Dis Child 1992;67:1177-81) 


With an ever increasing number of surviving 
low birthweight infants and an increase in 
the total number of premature infants who 
develop cerebral palsy, attempts have been 
made to improve early prediction of neuro- 
developmental outcome in these at risk 
infants.! Cranial ultrasound has played an 
important part and the presence of extensive 
cystic periventricular leucomalacia is now 
acknowledged by many groups to correlate 
strongly with the development of cerebral 
palsy.* > It ıs more complicated to predict 
the neurodevelopment of infants with other 
ultrasound abnormalities, like large intra- 
ventricular haemorrhages and transient den- 
sities, as a large number of these infants sur- 
vive to be normal in spite of the lesion.” 4° 
Other modes of investigation, such as mag- 
netic resonance spectroscopy, electro- 
encephalography,’ and somatosensory 
evoked potentials (SEPs)*!° have been used 
trying to identify those infants who are to 
‘survive with a major handicap. Previous 
studies using SEPs showed a good corre- 
lation between this test and subsequent 
neurodevelopment, but the number of 
infants tested in each study tended to be 
smal] .8-10 

The aim of this study was to study 
prospectively a population of preterm infants 
in order to evaluate further the role of SEPs 


in the prediction of neurodevelopmental out- 
come and to compare the predictive value of 
SEPs and cranial ultrasound. 


Patients and methods 

Over 26 months, 126 premature infants were 
entered into a prospective correlative study of 
short latency SEPs and cranial ultrasono- 
graphy. All infants had a gestational age of 34 
weeks or less with a mean gestational age at 
birth of 30-2 weeks (range 25-34 weeks). 
Twenty one of the 126 infants were small for 
gestational age. Informed parental consent 
was obtained in all infants before entering the 
study. 


ULTRASOUND ASSESSMENT 

Ultrasound assessment was performed at least 
twice a week during the first week of life and 
twice a week thereafter until discharge, using 
an ATL UM-4 mechanical sector scanner 
(5~7:5-10 MHz crystal). Periventricular—intra- 
ventricular haemorrhage (PVH-IVH) and 
periventricular leucomalacia (PVL) were 
graded as reported previously.!! 12 


PVH-IVH 

Grade I: small germinal layer haemorrhage; 
grade Ila: germinal layer haemorrhage plus 
IVH, filling the ventricle <50%; grade Lb: 
large IVH distending the ventricle 1n the acute 
phase, due to blood filling the ventricle >50%; 
grade III: unilateral parenchymal involve- 
ment, due to venous or haemorrhagic 
infarction. 


Leucomalacia 

Transient densities: periventricular areas of 
increased echogenicity, present for seven days 
or more. Cystic PVL: periventricular areas of 
increased echogenicity evolving mto extensive 
cystic lesions, involving the occipital with or 
without the frontoparietal periventricular 
white matter. 

For correlation of cranial ultrasound lesions 
with subsequent neurodevelopmental out- 
come the maximum degree of haemorrhage, 
in case of extension, and the eventual evolu- 
tion of echogenic areas into cystic lesions or 
not, were taken into account. 
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SEPS 
Somatosensory evoked potentials were re- 
corded witk a Nihon Kohden Neuropack II 
or IV. Silv2-/silver chloride disc electrodes 
were applied: the negative electrode on C3' or 
C4', the positive on Fz and the neutral one on 
the lower arm. The impedance was less than 
2 kOhms. Electrical stimuli of 0-1 msec dura- 
tion were del-vered at a rate of 1/two seconds. 
A hand heid device was used, which wes 
placed on tae ventral wrist overlying the 
median nerve. The stimulation intensity used 
was that n=cessary to produce a minimal 
thumb twitch. Recordings were obtained 
from the lef somatosensory cortex after stim- 
ulation of tke right median nerve. Recordings 
were obtained from both hemispheres when a 
unilateral lesion was present on cranial ultra- 
sound examination. A total of 50-128 
responses was averaged through a bandpass 
of 2-100 Hz. Each trial was repeated two to 
three times <o ensure reproducibility. The 
analysis tim2 was 200 msec. The latency to 
the peak of the first negative wave (N1) was 
measured according to the criteria of 
Desmedt et 2.14 All infants were tested with- 
out sedatior after a feed. The filter settings, 
stimulation rete, and duration were the same 
as those of Klimach and Cooke so their nor- 
mal data were used.!4 

All infants were tested for the first time in 
a stable cond:tion, usually beyond the end of 
the first week.!> Sequential studies were per- 
formed in 6 of the 126 infants. In infants 
with a norma. N1 latency on the first exami- 
nation sequential studies were performed in 
those who were taking part in a longitudinal 
study!* and in infants who had any clinical 
deterioratior ar developed abnormalities on 
cranial ultressund. In infants with an N1 
latency outside the normal range, that is 
delayed, or when it was not possible to 
obtain a response, SEPs were repeated at 40 
weeks’ postnenstrual age. When the NI 
latency had normalised at 40 weeks’ post- 
menstrual age, this last N1 latency was used 
for correlation with mneurodevelopmental 
outcome. 


NEUROLOGICAL ASSESSMENT OF OUTCOME 

Assessment of outcome was made on clinical 
examination ct discharge from the neonatal 
unit using tke standardised Dubowitz proto- 
col!® and at €, 12, and 18 months correctec 
for prematur.ty using Griffiths’s mental devel- 
opment scale and items from the scores of 
Amiel-Tison and Grenier!” and Touwen.!® All 
of the childrer were last seen when at least 12 
months of age corrected for prematurity. Five 
of the 126 infants were not seen at our follow 
up clinic and follow up information was 
obtained from the paediatrician at the refer- 
ring district general hospital. The children 
were groupec in three categories. (A) Normal. 
when the developmental quotient was more 
than 90 and ro neurological, visual, or hear- 
ing abnormelties were present. (B) Some 
abnormality d7 tone pattern (‘dystonia’) on at 
least two separate occasions, but functionally 
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normal.!? (C) Definite neurological handicap, 
cerebral palsy and/or severe hearing or visual 
defects. 

For the purpose of calculating properties 
such as sensitivity and specificity infants in 
group B were analysed with those in group A 
as it is well recognised that infants with tran- 
sient dystonia only have transient abnor- 
malities in tone.!? 


Results 

SEPS : 

A total number of 240 recordings were done, 
with a mean of 1:9 recordings per infant 
(range 1-11). In 107 of the 126 infants a 
normal N1 latency was obtained. Fifty eight 
of these 107 infants had their first examina- 
tion before the end of the third week, 48 hav- 
ing a normal N1 latency on their first exami- 
nation and 10 normalising before reaching 40 
weeks’ postmenstrual age. In 19 infants the 
NI latency was delayed, being still outside 
the 95% tolerance limit at 40 weeks’ post- 
menstrual age. 


Table 1 Neurodevelopmental outcome at 212 months and 
NI latency at 40 weeks’ postmenstrual age 


Outcome Normal Transient Cerebral Total 


dystoma palsy 
Normal N1 
latency 82 (1*) 11 14 107 
Delayed NI 
latency 2 6 110% 19 


“=Blind due to retmopathy of prematurity 


Table 2 Neurodevelopmental outcome at 212 months of 
age and occurrence and grade of PVH-IVH and 





leucomalacta 
Outcome Normal Transient Cerebral Total 
dystoma —s_ palsy 
Normal scan 43 6 0 49 
PVH-IVH 
Grade I-a 15 4 1 20 
Grade Iib 7 2 1 10 
Grade MI 8(1~) 0 70% 15 
Leucomalacia 
Transient densities Ii 5 4 20 
Cystic PVL 0 0 12 12 
126 
«=Bhnd due to retinopathy of prematunty 
Grade/SEPs Normal Delayed N1 
bes © 
00000 
ib 00000 
000088 e@ 
Ill 00000 ee 


o Normal development 
@ Cerebral palsy 


@® Transient dystonia 





Figure 1 Correlation of SEPs at 40 weeks’ postmenstrual 
age, ultrasound abnormalines (PVH-IVH) and 
neurological outcome m 45 mfants. 
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Figure 2. (A) Cranial ultrasound, coronal view, showing a grade III haemorrhage on the righi, evolving into a poren- 
cephalic cyst. (B) SEPs recorded from the same infant at 36 weeks’ postmenstrual age, showing a slight difference in N1 
latency, being within the 95% tolerance limit of Klimach and Cooke in both hemispheres. 
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Figure 3 Correlation of SEPs at 40 weeks’ postmenstrual 
age, ultrasound abnormalities (leucomalacia) and 
neurological outcome in 32 infants. 


CORRELATION NEUROLOGICAL 
OUTCOME 

A normal N1 latency was not invariably asso- 
ciated with a normal outcome (table 1). 
Fourteen infants with a normal N1 latency at 
40 weeks’ postmenstrual age developed 
cerebral palsy. Longitudinal studies (2-8 
times) were performed in 10 of these infants, 
and six of them initially had a delayed N1 
latency. 

If the sequential recordings for SEPs were 
persistently abnormal, the outcome was 
almost never completely normal. Of the 19 
infants with a persistently delayed N1 latency, 
11 developed cerebral palsy, six developed 
transient dystonia, and only two were normal 
at follow up. Seven of the eight infants with a 
delayed N1 latency, and who did not develop 
cerebral palsy, were small for gestational age. 
As a predictor of cerebral palsy the SEPs had 
a sensitivity of 44% and a specificity of 92%. 


OF SEPS WITH 





The predictive value of a positive test was 
57-8% and that of a negative test was 87%. 


CORRELATION OF CRANIAL ULTRASOUND WITH 

NEUROLOGICAL OUTCOME 

In this cohort a normal ultrasound scan was 
never associated with the development of 
cerebral palsy and only six of the 49 infants 
with a normal scan developed transient 
dystonia (table 2). Of the 25 infants with large 
intraventricular haemorrhage with (III) or 
without (IIb) parenchymal involvement, 15 
were found to be normal at early follow up 
and eight developed cerebral palsy. Of the 20 
infants with transient densities, only 11 were 
normal at follow up, six developed transient 
dystonia, and four developed cerebral palsy. 
Cystic PVL was invariably associated with a 
poor outcome and all 12 infants developed 
cerebral palsy. 

As a predictor for cerebral palsy severe 
ultrasound abnormalities (grade IIb- haem- 
orrhage and cystic PVL) had a sensitivity of 
736%, a specificity of 83-1%, a positive pre- 
dictive value of 45-:1%, and a negative predic- 
tive value of 94-3%. 


CORRELATION OF SEPS AND ULTRASOUND 
FINDINGS WITH NEURODEVELOPMENTAL 
OUTCOME. 

All 35 infants who were of appropriate weight 
for gestational age without ultrasound abnor- 
malities had a normal N1 latency and only one 
of them developed transient dystonia. Of the 
14 infants who were small for gestational age 
without ultrasound abnormalities, five infants 


B 


Cystic PVL 
SEPs 


Lt, ee oe oe ee os E E A S 


4 200 msec 


Figure 4 (A) Cranial ultrasound scan, showing extensive cystic PVL in the coronal (left) and parasagittal (right) view. 
(B) SEPs recorded from the same infant at 35 weeks’ postmenstrual age, showing an N1 latency at 60 msec, which is 


within the 95% tolerance limit of Klimach and Cooke. 
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had a persistently delayed N1 latency and three 
of them showed transient dystonia at follow up. 

Of the 45 infants with PVH-IVH (fig 1), 40 
had a norma! N1 latency. Transient dystonia 
occurred in five of them and five developed 
cerebral palsy. Of the five infants with persis- 
tently delayed N1 latency one showed tran- 
sient dystonia and four developed cerebral 
palsy. It was of interest that 11 of the 15 
infants with unilateral parenchymal involve- 
ment had a normal N1 latency recorded from 
both hemispheres (fig 2). Three of them 
developed cerebral palsy, one a hemiplegia 
and the other two, with a porencephalic cyst 
in the occipital white matter, suffered from 
hypotonic cerebral palsy and visual impair- 
ment. Four of the 15 infants had a persistently 
delayed N1 latency, being delayed on both 
sides in all four. All four developed a hemiple- 
gia with upper motor neuron signs present on 
both sides. 

Seventeen of the 20 infants with transient 
densities had a normal N1 latency (fig 3). 
Transient dystomia occurred in three and 
three developed cerebral palsy. Of the three 
infants with a delayed N1 latency, two de- 
veloped transient dystonia and one cerebral 
palsy. Of the 12 mfants with cystic PVL, six 
had a norma! N1 latency, but all infants 
developed cerebral palsy (fig 4). 

Only seven of the 77 infants with ultrasound 
abnormalities were small for gestational age. 
Three of them had a normal N1 latency with 
subsequently a normal outcome. Four infants 
had a persistently delayed N1 latency associ- 
ated with a grade III haemorrhage in one, who 
developed cerebral palsy, and associated with 
transient densities in the other three, one of 
whom developed cerebral palsy and the other 
two developed transient dystonia. 

When the presence of major ultrasound 
abnormalities (grade IIb—III, cystic PVL) and 
a delayed N1 latency were taken together as a 
predictor for cerebral palsy, the sensitivity was 
40%, specificity 100%, positive predictive 
value 100%, and negative predictive value 
734%. 


Discussion 

Previous studies, using SEPs in premature 
infants, for prediction of subsequent neurode- 
velopmental outcome have been quite promis- 
ing. !° The predictive value in the present 
study, looking at a large cohort of infants with 
and without abmermalities on cranial ultra- 
sound, was not as good as expected. A normal 
N1 latency was no guarantee of a normal out- 
come. Fourteen of the 25 infants who de- 
veloped cerebral palsy, both related to large 
haemorrhages as well as to cystic PVL, had a 
normal N1 latency at or even before 40 weeks’ 
postmenstrual age. Although in some of these 
infants parenchymal involvement was in the 
occipital periventricułar white matter, possibly 
not affecting the somatosensory tracts, this was 
not true for all cases. In some infants with 
extensive cystic lewcomalacia, cysts were noted 
in the frontoparieta! and occipital periventricu- 
lar white matter. A persistently delayed N1 
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latency also did not always correlate with a 
poor outcome. Eleven of the 19 infants with a 
persistently delayed N1 latency developed 
cerebral palsy. Seven of the eight infants with a 
delayed N1 latency, who did not develop cere- 
bral palsy, were small for gestational age and 
five of these seven infants did not have any 
abnormalities on cranial ultrasound. 

Due to the high turnover in our tertiary 
intensive care unit it was not possible to study 
all infants at the same postmenstrual age. 
However, all infants with a delayed N1 
latency on the initial recording had repeat 
studies until normalisation occurred or the 
infant had reached 40 weeks’ postmenstrual 
age. Of the 14 infants who developed cerebral 
palsy in spite of a normal N1 latency at 40 
weeks’ postmenstrual age, 10 had longitudinal 
studies showing a change from a delayed N1 
latency to a normal N1 latency in six infants 
and a repeatedly normal N1 latency in the 
other four infants. A delayed N1 latency after 
an initially normal N1 latency was noted only 
twice among the 69 infants studied sequen- 
tially. This was in both cases associated with 
posthaemorrhagic ventricular dilatation, being 
reversible in one, after shunt insertion.? 

Only 35 infants admitted during the study 
period were of appropriate weight for gesta- 
tional age and had no abnormalities on cranial 
ultrasound. Calculating the regression equation 
of the N1 latency for these 35 infants showed 
this equation to be almost equal to that of 
Klimach and Cooke.'* As the same filter set- 
tings and stimulation rate were used, and their 
normal data were collected from 102 infants, it 
was decided to use their normal data. 

The findings in the present cohort differ 
from previous reports in the literature. 
Klimach and Cooke studied 30 low birth- 
weight infants with abnormalities on cranial 
ultrasound.® All infants with a normal N1 
latency were normal at follow up and six 
infants with a persistently delayed N1 latency 
had an abnormal outcome. Majnemer et al 
presented preliminary findings of 44 low 
birthweight infants.’ Infants with absent or 
persistently delayed responses were found to 
have a major handicap at follow up. The SEPs 
had a sensitivity of 79% and a specificity of 
88%. Laget et al studied 43 infants with a 
hemiplegia, between 1 month and 13 years of 
age, and found absent responses in 12 and a 
decrease in amplitude in the other 31 infants 
from the contralateral hemisphere.*! Of the 
six infants described in this present study who 
developed a hemiplegia, five had a delayed N1 
latency and this was present in both hemi- 
spheres in four of them. This is in agreement 
with clinical findings as most of the infants 
who developed a hemiplegia after a grade III 
haemorrhage also tend to have upper motor 
neuron signs on the other side of the body. 
Using positron emission tomography in 
infants with this type of lesion Volpe et al 
showed that preterm infants with a grade III 
haemorrhage had changes in cerebral blood 
flow in the non-affected hemisphere as well.?? 
Willis et al studied 39 infants with PVH-IVH 
at 2, 4, and 6 months’ corrected age.!° Their 
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findings are more similar to ours as they 
found that 36% of the infants with normal 
SEPs at 2 months’ corrected age did go on to 
develop moderate or severe abnormalities. 
Only 14% of the infants with normal SEPs on 
three occasions had a poor outcome. As the 
aim of our study was to assess whether it was 
possible to improve early prediction, the 
infants were studied only until the age of 40 
weeks’ postmenstrual age. 

In none of these previous studies was a dis- 
tinction made between infants who were of 
appropriate weight or small for gestational 
age. Gallai et al, however, also drew attention 
to a delay (of 5 msec) in N1 latency in small 
for gestational age infants.” Our findings sug- 
gest that especially when there is an increase 
in N1 latency it should be taken into account 
whether the infant is small for gestational age 
or not. 

When a comparison was made between 
SEPs and cranial ultrasound, the latter tech- 
nique was noted to be more sensitive. All 
infants with an ultrasound diagnosis of cystic 
PVL went on to develop cerebral palsy, but 
only six of the 12 infants had a delayed N1 
latency. When the presence of major ultra- 
sound abnormalities (grade IIb—III, cystic 
PVL) and a delayed N1 latency were taken 
together as a predictor for cerebral palsy, the 
sensitivity was not better, but specificity and 
positive predictive value both became a 100%. 
In an earlier study, using SEPs in full term 
infants with postasphyxial encephalopathy, 
SEPs of the median nerve appeared to be of 
value when trying to predict subsequent neuro- 
developmental outcome,?4 and this was 
recently confirmed by other groups.?> 2° It is 
possible that SEPs after stimulation of the 
median nerve are less useful in the preterm 
infant as the legs are usually more severely 
affected than the arms. At present a study is 
being undertaken in our unit to compare 
SEPs of the posterior tibial nerve and the 
median nerve to find out whether the SEPs of 
the posterior tibial nerve will be of better pre- 
dictive value. 

SEPs of the median nerve appear to be of 
limited value as an early predictor of subse- 
quent neurodevelopmental outcome in the 
preterm infant and should probably not be 
performed routinely in all low birthweight 
infants. 
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Membrane humidification—a new method for 
humidification of respiratory gases in ventilator 


treatment of neonates 


L Hanssler, W Tennhoff, C Roll 


Abstract 

A humidifier system for neonatology that 
functions according to the ‘membrane 
humidification’ principle was subjected 
to a performance test in our laboratory. 
Humidification and heating of the res- 
piratory gases took place in a module 
consisting of a net of hollow fibres placed 
inside the incubator. In 18 measurement 
combinations flow, respiratory gas tem- 
perature, and incubator temperature 
were varied. At respiratory gas tempera- 
tures within the range of 33-37°C the 
minimum international standard for the 
absolute air humidity in the respiratory 
gas was achieved or exceeded in all mea- 
surements. No controlled clinical tests 
regarding the importance and long term 
effects of different temperatures and dif- 
ferent humidity levels in the inspiratory 
air are yet available for the ventilation 
treatment of neonates. 


(Arch Dis Child 1992367:1182-4) 


Humidification of respiratory gases in venti- 
lator treatment of neonates constitutes a 
problem that has not yet been solved 
optimally. Studies by Tarnow-Mordi et al' 
have shown that in day to day practice mini- 
mum standards for humidification of breath- 
ing gases? during ventilation of neonates are 
not fulfilled in the majority of the patients. 

We have performed laboratory tests on 
a newly developed humidification system 
(Aquamod, Dräger), a so called ‘membrane 
humidifier’ that could better fulfil the 
requirements of application in neonates. 


Functional principle of the device 

The humidifier module basically consists of a 
multiple layer of membranes with fine pores 
of 10 A size. Here the respiratory gases come 
into contact with heated water which is 
continuously pumped through the system. 
During this process, water molecules diffuse 
through the membrane leading to a 100% 
saturation. The module should be installed 
inside the incubator in order to keep a 
possible temperature drop along the tubing 
path to the patient as low as possible and so 
avoid formation of condensation. In addition, 
the membrane serves as a bacterial filter. The 
inspiratory gas temperature is measured near 
to the patient (20 cm from the Y piece), by 
means of a sensor, and is adjusted to the set 
temperature by servocontrol. There is an 
automatic cut-out mechanism to reduce the 


risk of exposure to dangerously high 
inspiratory gas temperature and an alarm in 
case of low inspired gas temperature and 
inadequate function of the pump. 


Methods of measurement 

The respiratory gas temperature was 
measured by means of thermoelements 
(NiCr-Ni: Impac Tastotherm D 700). We 
recorded the deviations between set tem- 
perature and inspiratory gas temperature near 
the endotracheal tube (6 cm from the Y 
piece). In addition, the air temperature drop 
inside the inspiratory tubing system was 
measured at two different points (20 and 6 cm 
from the Y piece). The relative air humidity 
near the endotracheal tube was measured in 
the inspiratory circuit at a distance of 3 cm 
from the Y piece by means of a capacitive 
measurement technique (Rotronic Hygroskop 
DT). The thermoelements and the capacitive 
sensors are not supplied with the commercial 
humidification system. The absolute air 
humidity was calculated from the respiratory 
gas temperatures and the relative humidity. 
The measurements were carried out at 
different ambient temperatures inside the 
incubator (33, 35, 37°C). The set flow of the 
ventilator was modified: 2, 6, and 16 I/minute. 
The setpoint temperature of the humidifier 
was 34 and 37°C. After modification of these 
parameters and a period of 15 minutes for 
stabilisation the measurements were carried 
on for a time of 60 minutes for each com- 
bination of temperatures and gas flow. The 
average of two measurements of inspiratory 
gas temperatures and relative humidity during 
this plateau phase were calculated. ‘The 
ventilator circuit was connected to an artificial 
lung (volume 50 ml) inside the incubator. 
The measurements were performed in a single 
wall incubator at a room temperature of about 
26°C. Ventilator parameters (Drager Babylog 
1) were: frequency 45/minute, inspiratory: 
expiratory ratio 1:2, peak pressure 20 mm Hg, 
positive and expiratory pressure 4 mm Hg. 
The results were recorded simultaneously on 
a recording instrument (BBC Goerz 
Metrawatt SE 460). 


Results 

RELATIVE AIR HUMIDITY 

The measurements of the relative air humidity 
at the inspiratory tubing system near the 
endotracheal tube resulted in values in the 
range of 87:5 and 100% relative humidity 
(table). 
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Inspiratory gas temperature, relative humidity, and absolute humidity of inspired air with 


different combinations of flow, 


humidifier system 


incubator temperature, and set temperature of the membrane 








Flow Incubator Set temperature Temperature Relative Absolute 
(Ymin) temperature of Aquamod at Y piece humidity humidity l 
CC) PC) CC) (%) (mg water/l air) 
2 33 34 34:5 100 38 
6 33:5 34 33:5 100 36 
16 33-8 34 34 100 38 
2 34 37 35 100 40 
6 34 37 37 99 43-5 
16 34 37 36 98 41 
2 35 34 34 100 37 
6 35 34 33 88 32 
16 35 34 33 93:5 33 
2 35:5 37 35:5 100 41 
6 35-5 37 35:5 99-5 4] 
16 35°5 37 33:5 99-5 41 
2 a7 34 35 87:5 34-5 
6 37 34 35 88 39 
16 37 34 33:5 89 32:5 
2 37 a7 36:5 91-5 38 
6 37 37 36 99 42 
16 37 37 36 98 41 








At the lower system temperature of 34°C 
relatively high air humidity values above 95% 
were only reached at incubator temperatures 
between 33 and 35°C. At an incubator 
temperature of 37°C the relative humidity was 
below 90°C regardless of flow. 

At higher respiratory gas values of 37°C the 
relative humidity was below 95% only at an 
incubator temperature of 37°C and a low gas 
flow of 2 I/minute. In all remaining com- 
binations of flow and temperature optimum 
performance with a relative humidity range 
between 98 and 100% was obtained. 


TEMPERATURE 

At a system temperature setpoint of 34°C the 
temperature measured near the endotracheal 
tube varied between 33 and 35°C (table). The 
temperature was >0-5°C higher than the set 
value at high incubator temperature (37°C) 
and low flow (2 I/minute). It was >0-5°C lower 
than the set value at medium and high flow (6 
and 16 Yminute) and at an incubator 
temperature of 35°C. At a set temperature of 
37°C the respiratory gas temperatures near the 
endotracheal tube were between 35 and 37°C 
(table). The set temperature of 37°C was 
actually achieved in Only one measurement 
combination (incubator temperature 34°C, 
flow 6 I/minute). The highest temperature drop 
of 2°C was observed with a cool incubator 
(34°C) and low gas flow (2 I/minute), 


ABSOLUTE AIR HUMIDITY 

The absolute inspired air humidity was, even 
under unfavourable conditions of cold 
respiratory gases (33-33-5°C), with 32-33 mg 
water/] air, above the recommended inter- 
national standard.” At a set air temperature of 
37°C the absolute humidity (38—43-5 mg/l) 
was clearly above this minimum standard 
(table). 


CONDENSATION 
Significant condensation inside the system 
Was not detected in the Parts installed inside 
the incubator. It was not necessary to install a 
water trap inside the inspiratory hose. 
Condensation was produced only in the 
expiratory hose outside the incubator. 
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FUNCTIONING OF THE MODULES 

In some cases, the humidification modules 
had to be replaced within the first 24 to 48 
hours of operating time because of a gradual 
drop in performance with inadequate relative 
air humidity. This was not indicated by the 
alarm system. According to the manufacturers 
another type of module is now used which has 
good performance for periods of at least one 
week. For hygienic safety it is recommended 
that the humidification modules should be 
replaced every 48 hours. Movability of the 
system is slightly restricted by the support 
inside the incubator. 


Discussion 
Relatively independently of the ambient 
conditions, air inspired through the nose is 
heated to body temperature in the lower 
respiratory tract after having passed the 
mucous membranes, reaching full water 
vapour saturation in the alveoli.’ In artificia] 
ventilation of newborn infants the most 
common method of humidification of 
inspiratory gas is vaporisation of water. The 
performance of the devices used varies con- 
siderably according to the functional principle 
and the type of instrument. In some there is a 
risk of Overheating of the inspired air, 
especially when a drained nebuliser chamber 
is refilled with water. If, on the other hand, 
respiratory gases cannot be sufficiently 
warmed up the air Capacity will not be 
sufficient to obtain a high absolute humidity 
in the respiratory tract. If heating filaments 
are used or in the situation of low flow and 
high incubator temperature the respiratory 
gases may actually be heated sufficiently. 
However, the air humidity might be low as the 
primary water load in an insufficiently heated 
nebuliser chamber is too low.4 

According to our investigations the mem- 
brane humidification seems to fulfil the 
requirements with respect to constantly high 
respiratory gas temperatures and high air 
humidity even when the ambient temperature 
and the ventilator Settings are changed. At a 
low gas temperature setpoint of 34°C the 
minimum standard? for the absolute air 
humidity in respiratory gases (30 mg water/] 
air) was reached in all measurement com- 
binations. With high respiratory gas tem- 
peratures at a setpoint temperature at oF ie 
these concentrations were exceeded in all 
measurements, in some cases considerably, 
No significant amount of condensation js 
formed when the module is installed inside 
the incubator. The function of the hollow 
fibre net as a bacterial filter offers additional 
safety in hygiene. At the moment, the 
humidifier module must be replaced after 48 
hours. One of the limitations of this system 
and of any humidification System that does 
not monitor inspired gas humidity is the fact 
that a gradual drop in performance might not 
be recognised.4 A breakdown of the device 
would only be indicated by an alarm if the 
inspired gas temperature drops or if the 
pumping system is not working properly. 
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Inspired gas humidity cannot be predicted 
reliably from humidifier temperature.’ 


CLINICAL RELEVANCY 

According to a study by Tarnow-Mordi et al a 
lower pneumothorax rate and less distinct 
chronic pulmonary changes were observed in 
ventilated premature babies with birth weights 
below 1500 g at higher respiratory gas 
temperatures, and thus probably at higher 
absolute air humidity, compared with another 
control group.° This seems plausible if results 
of animal tests and clinical studies are 
examined; these reveal a series of problems 
secondary to insufficient humidifier perfor- 
mance. Besides the risk of secretion reten- 
tion,’ infection, development of atelectasis 
and impairment of diffusion? especially 
disturbances of the ciliary activity,!? morpho- 
logical changes in the tracheobronchial epithe- 
lium!! were emphasised. By means of the 
membrane humidification as well as other 
improved devices, premature infants can now 
be ventilated with concentrations of absolute 
air humidity that lie clearly above the mini- 
mum international standard.” It is conceivable 
that excessive inspired gas humidification may 
be detrimental because too much heat and 
water could be adminstered to the patient.® !? 
One consequence could be that lower values 
of absolute humidity may be preferable to 
the consistently high concentrations we have 
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documented at an Aquamod temperature 
setting of 37°C. 

By means of controlled prospective studies 
that deal with the importance of different 
inspiratory gas temperatures and different 
inspired air humidity the optimum physical 
conditions in respiratory care of newborn 
infants should be investigated. 


We thank Drager for lending the equipment used in the study. 
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Randomised controlled trial of colloid infusions 
in hypotensive preterm infants 


E F Emery, A Greenough, H R Gamsu 


Abstract 

Colloid infusions are often given to treat 
hypotension in preterm infants. The aim 
of this work was to assess whether it was 
the amount of protein or the volume of 
the colloid infused which accounted for 
the observed increase in blood pressure. 
Sixty preterm infants were randomised 
(20 in each group) to receive 5 ml/kg 20° 
albumin, 15 ml/kg fresh frozen plasma, or 
15 ml/kg 4:5% albumin. All infusions were 
given at a rate of 5 ml/kg/hour in addition 
to maintenance fluids. The infants were 
randomised when hypotensive (systolic 
blood pressure less than 40 mm Hg for 
two hours). There was no significant dif- 
ference in the blood pressure of the three 
groups before or one hour after beginning 
the infusion. The mean increase in blood 
pressure one hour after completing the 
infusion, however, was significantly lower 
in infants receiving 20% albumin: 9% 
compared with 17% in the group receiv- 
ing 4°5°% albumin, and 19% in the group 
receiving fresh frozen plasma. It is con- 
cluded that the volume infused rather 
than albumin load is important in pro- 
ducing a sustained increase in blood 
pressure. 


(Arch Dis Child 1992,67:1 185-8) 


Colloid infusions are often used to treat 
hypotension in sick preterm infants. This hypo- 
tension may result from hypovolaemia due to 
fluid losses via the kidney and skin and 
increased leakage from capillaries in the lungs, 
or from myocardial depression due to asphyxia 
or hypoxia and resulting poor cardiac output. 
In the latter instance it seems preferable to 
avoid a large fluid load, but there are no data 
available to assess whether the improvement in 
blood pressure is the result of the protein or of 
the volume load infused. The aim of this study, 
therefore, was to compare the effects of colloid 
infusions of different volumes and protein con- 
tent on blood pressure levels in hypotensive 
preterm infants and thus to determine the most 
efficacious type of colloid infusion. 


Subjects and methods 

Consecutive preterm infants were entered into 
the randomised trial when hypotensive but 
not overloaded with fluid. Hypotension was 
defined as a systolic blood pressure less than 
40 mm Hg for two successive hours. None of 
the infants had clinical evidence of fluid Over- 


load. They were randomised by drawing a 
sealed envelope which instructed that they 
should receive one of three treatments: 5 
ml/kg 20% albumin (200 g/l albumin—that 1S, 
1 g/kg of albumin), or 15 ml/kg fresh frozen 
plasma (total protein 80 g/l, albumin 50 g/l- 
that is, 2 g/kg of protein or 0:75 g/kg of 
albumin), or 15 ml/kg 4:5% albumin (45 g/l 
albumin—that is, 0-675 g/kg of albumin). All 
infusions were given at a rate of 5 ml/kg/hour 
in addition to maintenance fluids. Thus the 
20% albumin infusion was completed in one 
hour, but the other two infusions only after 
three hours. Systolic blood pressure was mea- 
sured one hour after beginning the infusion 
and one hour after completing the infusion, 
and also four hours after beginning the infu- 
sions (that is, one hour after completing fresh 
frozen plasma and 4:5% albumin infusion, but 
three hours after completing the 20% albumin 
infusion). 

Systolic blood pressure was measured either 
from an indwelling arterial catheter sited for 
clinical purposes or using a non-invasive 
Doppler method. All blood pressure measure- 
ments were made with the infant in the supine 
position. Measurements were not made if the 
infants had been recently handled, were cry- 
ing, or were feeding. 

Arterial cannulation was attempted on all 
admissions to the neonatal intensive care unit 
if the infant’s oxygen requirements were in 
excess of 40% for six hours or the infant had a 
birth weight of less than 1000 g and was 
dependent on a ventilator. The unit’s routine 
policy was first to attempt cannulation of the 
umbilical artery with a 4 or 5 French gauge 
catheter and if this was unsuccessful a periph- 
eral artery was cannulated with a 24 or 26 
French gauge cannula. Once arterial access 
was gained, blood pressure monitoring was 
begun. The arterial line was connected to a 
transducer (Medex Accuflush) and thence to 
a continuous monitor (Horizon 2000 monitor, 
Mennen). This gives a continuous display of 
the arterial waveform and minute by minute 
changes in the diastolic and systolic blood 
pressure. The arterial waveform was consid- 
ered damped if the dicrotic notch was absent! 
and if there was less than a 10 mm Hg differ- 
ence between the systolic and diastolic blood 
pressure. Only the results of non-damped sys- 
tolic blood pressure measurements were used 
for this study. Measurements were recorded 
over a 10 minute period and the mean of the 
results was calculated. 

A Doppler technique was used for blood 
pressure measurement in those infants with- 
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out an arterial line in situ. An appropriately 
sized? cuff (Tricomed) was placed over the 
infant’s upper arm. A coupling gel was 
applied over the brachial artery and the 
Doppler transducer (Ultrasonic Doppler flow 
detector) applied to this area. The operating 
frequencies of the transducer were from 8 to 
9:7 MHz. The cuff was slowly inflated manu- 
ally using a portable Accoson sphygmo- 
manometer and then released until arterial 
pulsations were audible. The systolic pressure 
is the first signal heard. Three measurements 
were made on each occasion and the systolic 
blood pressure was expressed as the mean of 
these results. No infant required a change in 
blood pressure measurement technique dur- 
ing the study. 


STATISTICAL ANALYSIS 

The blood pressure immediately before 
beginning the colloid infusion was taken as 
the baseline blood pressure. The change in 
blood pressure from the baseline one hour 
after beginning, one hour after completing, 
and four hours after beginning the infusion 
was expressed as a percentage of the baseline 
blood pressure. Differences between the 
three groups were assessed for statistical 
significance using the Wilcoxon rank sum 
test. 


Table ! Patient characteristics. Results given are median (range) values 


Patient group 


4-5% Fresh frozen 20% 

Albumin plasma Albumin 
Gestational age (weeks) 27 (24-35) 26 (23-34) 26 (23-34) 
Birta weight (g) 844 (690-1954) 958 (566-1880) 860 (552-1800) 
Length of ventilation (days) 14 (6-41) 14 (1-55) 12 (3-55) 
Postnatal age (days) 2 (1—4) 2 (1-3) 2 (1-4) 




















Table 2 Systolic blood pressure and colloid infusions. Results given as median (range) 
values inn mm Hg 

Patient group 

4:5% Fresh frozen 20% 

Albumin plasma Albumin 
Baseline 31 (22-38) 35 (26-39) 31 (25-39) 
One hour after beginning the infusions 38 (25-45) 38 (28-57) 38 (21-44) 
One hour after completing the fusions 39 (27-46) 41 (29-51) 37 (25-55) 
Four heurs after beginming the infusions 39+ (19-46) 41* (29-51) 34*+ (25-42) 
*p<0-05 
tp<0:0! 


Table 3? Change in systolic blood pressure and colloid infusions. Results given as median 
(range) values of percentage baseline blood pressure 


a 





e 











Patient group 


m 




















4:5% Fresh frozen 20% 
Albumin plasma Albumin 
Increase one hour after beginning 
the mfusions 15 (-24 to 45) 8 (-10 to 90) 7 (-19 to 46) 
Increase one hour after completing | 
the mfusions 22*(-17 to 58) 19* (—22 to 77) 9* (-15 to 50) 
Increase four hours after beginning i 
the imfusions 22+ (-17 to 58) 19+ (-22 to 77) 5t (-18 to 53) 
‘p<0 05 


tp<0 OL 
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TRIAL SIZE 

Using the results derived from 20 infants pre- 
viously treated on our unit for hypotension 
with a colloid infusion we calculated that it 
would be necessary to randomise 60 infants 
(20 in each group) to detect with 80% power 
at the 5% level a significant difference of 10% 
in the change in blood pressure between the 


groups. 


PATIENTS 

Sixty patients were recruited into the study, 20 
infants in each group. Table 1 shows that there 
was no significant difference in the gestational 
age, birth weight, length of ventilation, or 
postnatal age between the three groups. 


Results 

There was no significant difference in the 
blood pressure of the three groups at entry to 
the trial or after one hour of beginning or 
completing the colloid infusions. At four 
hours after beginning the infusion—that is, 
three hours after completing the 20% albumin 
infusion, the blood pressure of that group was 
significantly lower than that of the 4:5% albu- 
min and the fresh frozen plasma groups 
(p<0-05, p<0-01, respectively) (table 2). The 
median increase in blood pressure one hour 
after beginning the colloid infusions tended to 
be greatest in those infants who had received 
4-5% albumin. The increase in blood pressure 
one hour after completing the infusions was 
significantly greater in the infants who had 
received 4:5% albumin or fresh frozen plasma 
compared with those who had received 20% 
albumin (p<0-:05). This difference in the 
increase in blood pressure was even more 
marked (p<0-01) when the three groups were 
compared at four hours after beginning the 
infusion (table 3, figure). 
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Change in blood pressure four hours after beginning the 
infusion. The change in blood pressure is expressed as a 
percentage of the baseline. Individual data shown (closed 
symbols indicate measurements made by the Doppler 
technique). 
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Discussion 

Hypotension was recorded using systolic 
blood pressure measurements either made 
directly from an indwelling arterial catheter or 
by using a Doppler technique. The direct 
arterial blood pressure results were obtained 
from either umbilical or peripheral arterial 
cannulae. We felt it reasonable to pool the 
results from these different sites as an earlier 
study? had shown a good correlation between 
blood pressure measurements obtained from 
peripheral and umbilical cannulae. In addi- 
tion, using such an approach we had pre- 
viously recorded* arterial blood pressure 
results similar to those reported.* In those 
infants who were without arterial lines or in 
whom the arterial waveform was damped, 
blood pressure was measured using a Doppler 
transducer. It has been suggested that the 
Doppler technique may yield inaccurate 
results in sick preterm infants?; this has not 
been our experience. We have previously 
shown that Doppler systolic blood pressure 
measurements have a high correlation 
(r=0-96) with arterial results. The mean of 
the difference of paired measurements made 
by the Doppler technique and from an arterial 
catheter in 44 infants was less than or equal to 
08 mm Hg from days one to seven.* 
Oscillometry has been a more popular non- 
invasive method of blood pressure monitoring 
than the Doppler technique. We chose not to 
use that method, however, for although it 
seems accurate in older infants and children® 
it consistently under records the systolic and 
diastolic blood pressures of hypotensive very 
low birthweight infants.” 

Although our study population were all very 
young, in a proportion it was not possible to 
make invasive arterial measurements. This 
was predictable from our earlier trial, which 
found by day four that 20% of infants no 
longer had an arterial catheter in situ and of 
those who did, a further 20% had a damped 
waveform.* There was, however, no signifi- 
cant difference in the number of infants in 
each group in whom blood pressure was mea- 
sured using the Doppler technique. In addi- 
tion, as our study period was of only four 
hours duration, we did not need to change 
our measurement technique in any infant, 
thus eliminating a further source of bias. 

Infants were regarded as hypotensive if their 
systolic blood pressure was less than 40 mm 
Hg. This level was used as this is our routine 
clinical practice and has also been previously 
recommended.’ This level may be inappropri- 
ate for the most immature infants included in 
our study, but there is little normative data 
available for such infants on which to base a 
more accurate diagnosis of hypotension. As 
there was no significant difference in the 
median or range of gestational age between 
our three groups, our use of a single level of 
blood pressure on which to diagnose hypoten- 
sion in unlikely to have biased our results. 
Other studies? !° have used the mean rather 
than the systolic level, as it was felt to be more 
accurate than the systolic blood pressure 
which could be affected by damping. In this 
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study we avoided this possible source of error 
by using only arterial measurements which 
were taken from an undamped arterial wave- 
form. We felt it important to use systolic 
blood pressure levels as these can be mea- 
sured in all infants regardless of the presence 
of an arterial line. 

Albumin infusion has previously been asso- 
ciated with a reduction of tissue oedema, as 
evidenced by considerable weight loss.'! 
There is the theoretical concern that by 
increasing blood volume it might prolong the 
patency of the ductus arteriosus. !? In only one 
study has its use been associated with pul- 
monary oedema!’ and this did not occur in 
three other studies.!! 1? 14 

Several groups have reported that albumin 
infusion increases blood pressure.!*>!? The 
effects previously recorded, however, were 
small and transient. Compared with the pre- 
sent trial, a smaller amount of albumin and 
smaller volume of fluid was infused in all 
three studies.!* !° 

The present results suggest that the volume 
rather than just the total amount of protein 
given is more effective in producing a sus- 
tained increase in blood pressure. The larger 
volumes of fluid were given at the same rate 
and hence over a longer period of time. The 
prolonged infusion of protein may also have 
had a greater effect by producing a sustained 
increase in oncotic pressure. Administration 
by such a method may have resulted in less 
protein loss from the circulation,'® as the 
increase in albumin concentration would be 
expected to be smaller,'? thus resulting in a 
lower diffusion gradient. This hypothesis is 
supported by our finding of a significantly 
lower blood pressure in the 20% albumin 
group compared with the other two groups at 
the same time after beginning the infusion 
(table 2). 

There was no significant difference between 
the three groups in the blood pressure levels 
or change in blood pressure one hour after 
beginning the infusions. At that early stage all 
of the infants had received the same volume of 
fluid related to body weight (5 ml/kg/hour), 
but those receiving 20% albumin had been 
given a greater protein load. This further sug- 
gests that the volume of the fluid rather than 
protein load alone is responsible for the major 
effect on blood pressure. 

We conclude that it is not only the amount 
of protein administered but also the volume of 
the vehicle infused that is important in pro- 
ducing a sustained increase in blood pressure 
in hypotensive preterm infants. 


Ms E F Emery is supported by the British Heart Foundation. 
We are grateful to Ms Sue Williams for secretarial assistance. 
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Cardiac tumours in intrauterine life 


Alison M M Groves, Nuala L K Fagg, Andrew C Cook, Lindsey D Allan 


Abstract 

Since 1980, 11 examples of cardiac tumour 
have been detected in the fetus out of a total 
of 794 congenital cardiac malformations. 
Patients were referred because of fetal 
hydrops in two, a family history of tuberous 
sclerosis in two, and because of the detec- 
tion of a tumour mass during a scan at the 
local hospital in seven. The gestational age 
range at presentation was from 20-34 
weeks. Of eight fetuses where death 
occurred, the histological type was rhab- 
domyoma in seven and teratoma in one. In 
seven cases, the lesion appeared single and 
in four there were multiple tumours. In two 
of the cases of rhabdomyoma, other family 
members had evidence of tuberous sclero- 
sis. Termination of pregnancy took place in 
four cases; of seven continuing pregnan- 
cies, spontaneous intrauterine death 
occurred in four, and three children are 
still alive. Two of the three survivors has 
the clinical picture of tuberous sclerosis. 
The last case is as yet only 1 month old. 

In summary, even where the lesion is 
single, the most likely diagnosis in fetal 
cardiac tumour is rhabdomyoma, with 
associated tuberous sclerosis. However, 
the characteristic features of this latter 
condition may not become evident until 
some months after birth. 


(Arch Dis Child 1992;67:1189-92) 


Cardiac tumours are rare in infants and chil- 
dren and are reported in 0-08% of children pre- 
senting to a paediatric cardiac referral centre! 
and between 0:0017% and 0:25% of a nec- 
ropsy series.? * Of 444 primary tumours 
reported by McAllister and Fenoglio, the most 
frequent histological type was rhabdomyoma, 
occurring up to three times more frequently 
than teratoma and fibroma in infants. 
Myxomas were found rarely in children but not 
seen in infants. The first case reports of the 
detection of a cardiac tumour in prenatal life 
were published in 1983, using M mode and 
cross sectional echocardiography, to diagnose a 
teratoma and a rhabdomyoma respectively. 5 
Since then several case reports have appeared in 
the literature.°* Since 1980 we have seen 1] 
examples of cardiac tumours in fetal life. We 
have studied the presentation, the type, and 
outcome of these cases. 


Subjects and methods 
From a series of over 10 000 fetal scans, heart 
disease was detected prenatally in 794. Of 


these, 11 fetuses had cardiac tumours. Intrapul- 
monary tumours were also found but differen- 
tiated from cardiac tumours by their position 
outside the pericardial cavity. Two fetuses were 
referred because of the detection of fetal 
hydrops, and two because of a family history of 
tuberous sclerosis. The remaining seven 
patients were referred because the tumour was 
suspected at the local hospital scan. In two 
patients, the diagnosis was made by sending a 
videotape of the scan recorded at the referral 
hospital. Patients were scanned using an 
Advanced Technical Laboratories Mark 3 or 
latterly Mark 4, and/or a Hewlett Packard 
77020A phased array with colour flow mapping 
facility. Each videotape recording was exam- 
ined retrospectively. The following features 
were noted: the presence of hydrops fetalis; the 
morphology and characteristics of the tumour; 
whether it was single or multiple; the position, 
and the presence or potential for obstruction to 
intracardiac flow. In four patients, successive 
examinations were performed during preg- 
nancy. Any change in tumour characteristics 
were recorded. The outcome of each preg- 
nancy was determined. In the eight fetuses in 
whom postmortem examination took place, the 
characteristics of the tumour were compared 
with the echocardiographic findings and histol- 
ogy obtained. The clinical findings in the three 
survivors were obtained. 


Results 

In one case, scanned initially at 18 weeks’ ges- 
tation for a family history of cardiac tumour, a 
normal scan was found. On rescan at 22 weeks’ 
gestation, tumours were clearly seen. Two 
fetuses were hydropic on referral and two 





Figure 1 
large cystic tumour compressing the right ventricle proved to 
be a teratoma LV, left ventricle. 


This shows a four chamber view of the heart. The 


0 





Fizure 2 Four chamber echocardiographic view of a fetal 
hzart illustrating the presence of a rhabdomyoma in the wall 
of the right ventricle, which extended into the infundibulum. 
RV, right ventricle;RA, right atrium; LV, left ventricle. 





Figure 3 This shows multiple rhabdomyomas on the four 
chamber view, with the right ventricular cavity (RV) almost 
obliterated by the tumour mass. RA, right atrium; L V, left 
ventricle; S, spine. 


became hydropicas pregnancy advanced. All but 
one of the 11 cases were solid tumours. The 
remaining case was intrapericardial in site and 
cystic in nature (fig 1), and a pericardial effusion 
developed with advancing gestation. Seven 
tumours were single (fig 2), including the one 
cystic lesion, and four were multiple (fig 3). Of 
the six solid single tumours, one was obstructing 
the mitral valve, one obstructing the tricuspid 
valve and pulmonary outflow tract, and the 
remainder involved the ventricular septum. 
Of these four septal tumours, one was causing 
fetal hydrops at the first study, one was poten- 
tially obstructive but the pregnancy was inter- 
rupted; two were not obstructive to blood flow 
and remained non-obstructive as pregnancy 


advanced. 


OUTCOME 
Of the cases with multiple tumours, two sought 
-ermination, one case survives but the tumours 
have not become obstructive, and the remain- 
ing case resulted in spontaneous intrauterine 
death. This last case showed increasing tumour 
size and increasing left ventricular outflow tract 
obstruction with advancing gestation. Episodes 
of supraventricular tachycardia were also noted 
before fetal death. One other patient in our 
series was documented to show episodes of 
intermittent tachycardia. 

In four patients, termination of pregnancy 
was requested by the parents after discussion of 
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the outlook and likely underlying disease. One 
of the four had a severely handicapped older 
child with tuberous sclerosis, and a further 
patient had right heart obstruction with atresia 
and hypoplasia of the pulmonary artery. 
Spontaneous intrauterine death occurred in 
four, three of whom presented with or de- 
veloped fetal hydrops. 

Postmortem examination was performed in 
all eight fetuses who died. The echocardio- 
graphic features were confirmed in all cases, in 
particular the multicystic nature of the pericar- 
dial tumour (figs 4-6). The histology in seven 
cases proved to be that of a rhabdomyoma and 
was pathognomonic in all cases. The cystic 
tumour proved to be a teratoma. Three patients 





Figure 4 This shows the pathological specimen in one of the 
cases of rhabdomyoma. Two tumours can be seen protruding 


from the wall of the left ventricle (V, arrows). Ao, aorta; 


RV, right ventricle. 





Figure 5 The fetal heart opened at postmortem examina- 
tion demonstrates a rhabdomyoma (ra) attached to and 
obstructing the orifice of the tricuspid valve (arrow). This 
correlated well with echocardiographic appearance. 
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same in the other. There is no evidence of 
regression during intrauterine life and maternal 
hormones have been implicated in their devel- 
opment and in postnatal regression. The ter- 
atoma increased strikingly in size between 20 
weeks and intrauterine death at 30 weeks’ ges- 
tation. The echocardiographic appearance of 
the cystic nature of this tumour and its epicar- 
dial position were characteristic of teratoma 
and contrasted with the appearance of the more 
commonly occurring rhabdomyomas, none of 
which were cystic and all of which were intrac- 
ardiac. The tumours in all our surviving cases 
have regressed in postnatal life, which is consis- 
tent with previous reports.® 16 

The histological findings are consistent with 
previous reports and with the findings in chil- 
dren, in that rhabdomyoma was much the most 
common histological type of tumour. Rhab- 
domyomas are associated with tuberous sclero- 





Figure6 The teratoma has been sectioned to show the varying density of tissue and cystic 
areas, which correlated well with the echocardigraphic findings. The right ventricle is 


arrowed. 


remain alive. Two (now aged 5 years and 16 
months respectively) have developed the classic 
signs and symptoms of tuberous sclerosis. The 
last survivor is at present only 1 month old. 


Discussion 

Cardiac tumours were detected in this series 
more frequently than is reported in necropsy 
series, but less frequently than in a clinica] study 
of children seen in a paediatric referral centre. 
This last is surprising as there was a high rate of 
intrauterine death—in four of seven continuing 
pregnancies (57%), the fetus died sponta- 
neously. Death appeared to be caused by 
obstruction to blood flow and fetal hydrops 
in three, a widely reported association.? !0 
Structural heart disease has been described in 
previous cases.!! !2 In our case, tricuspid 
incompetence and pulmonary outflow obstruc- 
tion appeared to be direct consequences of 
tumour growth rather than primary malforma- 
tion. In another Case, an increasing aortic 
velocity on sequential Doppler examination 
suggested increasing left ventricular outflow 
tract obstruction. In this case, spontaneous 
intrauterine death occurred but episodes of 
tachycardia had been noted before fetal death 
and this has been reported to be the cause of 
death in childhood!3 and in fetal life.'* The 
mechanism for this is unknown but would 
appear to be secondary to disruption of the con- 
ducting tissue by the tumour or tumours, posi- 
tioned in the intraventricular septum. The 
rhabdomyomas are well circumscribed macro- 
scopically and microscopically and it is unlikely 
that their high glycogen content acts as a sub- 
Strate for re-entry tachycardias. 

In one case in our series tumours developed, 
in terms of echocardiographic detection, 
between 18 and 22 weeks’ gestation; this illus- 
trates the importance of sequential examination 
throughout pregnancy in mothers at high risk of 
thabdomyoma in the fetus. Other authors have 
also reported tumours becoming evident as 
pregnancy progressed. !> Of the two other cases 
of rhabdomyoma studied sequentially, the tum- 
ours increased in size in one and remained the 


sis in between 50% and 78% of cases, according 
to different authors.! 8 In none of the fetal 
necropsy specimens was evidence of tuberous 
sclerosis found elsewhere in the fetus despite the 
presence of proved tuberous sclerosis in one par- 
ent in each of two cases. Of the three surviving 
neonates, one developed the clinical features of 
tuberous sclerosis at 6 months of age and the 
second at almost 1 year of age. The remaining 
neonate is only 1 month old at present but we 
feel is highly likely to develop the picture of 
tuberous sclerosis in later infancy. This would 
Suggest that apart from rhabdomyoma, the 
other signs of tuberous sclerosis are rarely found 
in fetal life or early infancy, although this will be 
the underlying diagnosis eventually. 

The severity of the clinica] picture, particu- 
larly of fits and developmental delay, although 
usually associated with significant handicap, 
can be variable.One of our affected parents 
had never had fits and was of normal intelli- 
gence. Similarly, family studies in cases of 
children with tuberous sclerosis have revealed 
unsuspected affected parents.® !7 18 A family 
history of tuberous sclerosis is an unusual 
cause of referral to our unit. A total of five 
patients have been referred for this reason in 
11 years, including the two which proved 
positive. Part of the explanation for this may be 
that the absence of cardiac tumours in the 
fetus does not guarantee absence of the 
disease. Geva et al suggested that intrauterine 
surgery for an obstructive Cardiac rhab- 
domyoma might be beneficial and that a 
normal necropsy excludes tuberous sclero- 
sis.!? Our results indicate that this is not so 
and we do not feel that such treatment should 
be offered. 

Despite the location of the gene for tuberous 
sclerosis on chromosome 9, multiple loci are 
Suspected and diagnosis by gene Mapping is 
not yet available. In view of this, and the spon- 
taneous mutation rate of at least 60%, !9 
echocardiographic examination of the high 
risk pregnancy for cardiac tumours may be 
the only method of detecting an affected fetus 
in the immediate future. However, the 
absence of cardiac tumours in a high risk fetus 
will not exclude the diagnosis of tuberous 
sclerosis. 
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Changes in the plasma aminogram of parenterally 
fed infants treated with dexamethasone for 
bronchopulmonary dysplasia 
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Abstract 

A substantial increase in the plasma con- 
centration of most amino acids was 
observed in 59 preterm infants with 
chronic lung disease soon after the initia- 
tion of dexamethasone therapy. The size 
of increase appeared to be dose related. 
This phenomenon is likely to be the result 
of steroid induced protein catabolism. 
Interestingly, neither phenylalanine nor 
tyrosine concentrations were significantly 
increased. 


(Arch Dis Child 19923;67:1193-—5) 


Dexamethosone is now often used in the 
treatment of bronchopulmonary dysplasia 
(BPD).'* Corticosteroid therapy is associated 
with many serious complications which have 
yet to be thoroughly and systematically exam- 
ined in preterm infants. Since the decision to 
prescribe dexamethasone will depend on the 
clinician’s perception of the risks and benefits 
of the treatment, there is an urgent need to 
establish and to document any undesirable 
effects as accurately and comprehensively as 
possible. 

An important side effect of corticosteroids 
is an increase in resting metabolic expendi- 
ture and urinary nitrogen loss due to promo- 
tion of protein catabolism.” We have previ- 
ously reported a marked rise in blood urea 
concentration in dexamethasone treated 
babies secondary to structural protein break- 
down. As the breakdown of protein releases 
amino acids, one aspect of this effect of 
steroids might be to cause hyperamino- 
acidaemia, especially in babies already receiv- 
ing an amino acid solution parenterally. In 
view of the potentially toxic effect of some 
amino acids, notably, but not exclusively, 
phenylalanine, we monitored the plasma 
aminogram in parenterally fed preterm 
infants before and during dexamethasone 
treatment for BPD. 


Patients and methods 
Over a four year period between January 1987 
and December 1990, 59 parenterally fed pre- 
term infants who received dexamethasone for 
BPD were studied. Their clinical characteris- 
tics and the severity of their chronic lung dis- 
ease, as reflected by the duration of inter- 
mittent positive pressure ventilation and 
oxygen dependency, are summarised in table 1. 
Steroids were started at a mean (SD) post- 
natal age of 20 (9) days. In all cases, a three 





Table 1 The clinical characteristics of the 59 babies 
Clinical characteristics Mean (SD) 
Gestational age (weeks) 27 (2) 
Birth weight (g) 1026 (298) 
Postnatal age when dexamethasone started (days) 20 (9) 
No of days on assisted ventilation 26 (13) 
No of days dependent on supplementary oxygen 57 (320 
No of days in hospital 


102 (43) 





week course of dexamethasone was given, start- 
ing at 0-6 mg/kg/day, reducing to 0-3 
mg/kg/day in the second week and to 0:15 
mg/kg/day in the third week. All babies who 
entered the trial were on total parenteral nutri- 
tion. The regimen of the unit was to start all 
ventilated preterm babies on parenteral nutri- 
tion on the second day of life with 0-5 g/kg/day 
of Vamin 9 glucose, 0-5 g/kg/day of Intralipid 
20% (KabiVitrum) and 10% dextrose, plus 
electrolytes, trace minerals, and vitamins. In 
the absence of contraindications such as severe 
jaundice, metabolic acidosis or sepsis, amino 
acid and fat intakes were increased daily by 
increments of 0-5 g/kg, to a maximum of 3 and 
3:5 g/kg/day of amino acid and lipid respec- 
tively. All nutrients were infused at a constant 
rate throughout the 24 hour period. Daily fluid 
intake was increased according to estimated 
fluid requirements and carbohydrate tolerance, 
usually reaching the maximum level of 180 
ml/kg/day on day 7. Thereafter, these rates of 
fluid and nutrient intake were maintained 
throughout the whole study period (one week 
before and during the three weeks of steroid 
treatment) to ensure constant protein and 
energy intake until mechanical ventilatory sup- 
port was discontinued and the baby was well 
enough to tolerate enteral milk feeds. 

Plasma aminograms were checked at weekly 
intervals as long as the babies were on 
parental nutrition. Amino acid analysis was 
carried out on a Hilger Chromaspeck auto- 
mated ion exchange amino acid analyser. The 
chemical pathology laboratory participated 
in the external quality control system 
(NEQUAS) operated by the Wolfson 
Research Laboratory, Queen Elizabeth Medical 
Centre, Birmingham. 

Statistical comparisons between sets of 
parametric data were performed using the 
Student’s paired ż test. 


Results 

The concentrations of 19 amino acids were 
measured. There were no significant differ- 
ences between the pretreatment (week -1) 
concentrations and our previously published 
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Table 2 Mean plasma amino acids concentrations before dexamethasone treatment and 


mean change from base measurements during study (mmol/l) 








Amio acid Week-! Week 1 Week 2 Week 3 
Mean ‘SE) Change (SE) Change (SE) Change (SE) 
Aspaartic acid 61 (4) +21 (5)** +12 (6) +7 (10) 
Threonine 207 (13) +66 (18)** -24 (21) -38 (18) 
Serine 325 (17) +178 (26)** +93 (36)* +51 (25 
Glutamic acid 233 (14) +87 (19)** +53 (23)* —4 (30) 
Glutamine 518 (25) +367 (42)** +230 (32)** +348 (33)** 
Glycine 359 (14) +163 (24)** +54 (26)* +41 (21) 
Alanine 280 (14) +263 (30)** +221 (24)** +163 (33)* 
Cystine 48 (3) +18 (59 ** +11 (4)* +6 (5) 
Valine 219 (8) +68 (11)** +35 (13)* +20 (15) 
Methionine 31 (2) +24 (%)** +12 (3)** +10 (3)* 
Isoleucme 64 (4) +25 (4)"* +16 (6)** +22 (8)? 
Leucine 103 (4) +42 (6)** +29 (7)** +25 (8)* 
Tyrosine 330 (58) -29 (68) -176 (69)* -198 (95)* 
Phenylalanine 174 (11) +22 (14) -44 (16)* —51 (21)* 
Histidine 102 G) +34 (6)** +23 (5)** +8 (5) 
Ornithine 212 (12) +112 (12)** +66 (12) ** +28 (11)* 
Lysine 157 (11) +132 {15)** +82 (16)** +29 (20) 
Arginine 21 (2) +24 (5)** +19 (5)** -2 (4) 
Proline 376 (24) +207 (28)** +15 (32) -54 (33) 





Significant change *p<0-05; **p<0-01. 


reference data.? Table 2 documents the 
change in plasma amino acid concentrations 
during the full study period from week -1 to 
week 3. 

When the pretreatment plasma amino acid 
concentrations were compared with those in 
the first week of treatment, all except the aro- 
matic amino acids, phenylalanine and tyrosine, 
showed a significant increase in concentration 
(p<0:01). During the second week of treat- 
ment, at half of the initial dexamethasone dose, 
most amino acid concentrations continued to 
be significantly raised (p<0-05). Three, how- 
ever, returned to their pretreatment concentra- 
tions and they were aspartic acid, threonine, 
and proline. In the final week of steroid treat- 
ment, at a quarter of the original dose, most 
amino acid concentrations returned to their 
pretreatment concentration. Only glutamine, 
alanine, methionine, isoleucine, leucine, and 
ornithine concentrations were still significantly 
raised (p<0-05). Both the amino acids in the 
aromatic group showed a significant decrease 
in plasma concentration at week 3. 

The overall percentage increase of the total 
plasma amino acid concentrations from the 
pretreatment value for weeks 1, 2, and 3 were 
45%, 17%, and 5% respectively. 


Discussion 

Dexamethasone belongs to the catabolic class 
of steroids and therapeutic doses of such 
drugs are known to induce hypermetabolism. 
They cause lipolysis and proteolysis,'® 
enhance gluconeogenesis, and interfere with 
peripheral glucose uptake and _utilisation.'® 
We have recently reported enhanced protein 
catabolism in preterm infants given dexam- 
ethasone for the treatment of broncho- 
pulmonary dysplasia. We speculated that if 
structural proteins in the nervous system were 
involved, neurodevelopmental outcome might 
be prejudiced. As one of the complications of 
total parenteral nutrition in the newborn is an 
increase of plasma amino acid concen- 
trations,!! !'4 the amino acids released as a 
consequence of steroid induced structural 
protein breakdown in this group of infants 
could aggravate the risk of hyperaminoaci- 
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daemia and represent an additional threat to 
the integrity of the developing brain. 

In this study, we have demonstrated a gener- 
alised and substantial increase in plasma con- 
centration of almost all amino acids soon after 
starting dexamethasone therapy which is the 
result of steroid induced proteolysis. This effect 
appears to be dose related, and with the 
smallest dose of dexamethasone (0°15 
mg/kg/day) in week 3, the majority of plasma 
amino acid concentrations have returned to 
their pretreatment values. The overall percent- 
age increase in plasma concentration above the 
pretreatment value declined from 45% in the 
first week, to 17% in the second week, and to 
5% in the third week. This dose related phe- 
nomenon has been well documented in renal 
transplant patients treated with corti- 
costeroids.’ !> It is, therefore, desirable to use 
the minimum dose of steroid compatible with 
effective anti-inflammatory action and to 
encourage a rapid tapering schedule to min- 
imise the side effect of the treatment. 

A possible alternative explanation for the fall 
in amino acid concentrations in weeks 2 and 3 
is that the increased plasma amino acid concen- 
trations of week 1 stimulate increased insulin 
production.!® Insulin, which is well known to 
have an anabolic effect, could then lead to 
increased amino acid uptake by the tissues. 
Leucine, in particular, is known to exert an 
anabolic effect via increased insulin 
production. !” 

The largest and most sustained increases in 
concentration were seen for glutamine and 
alanine (figs A, B). This is consistent with an 
enhanced rate of protein catabolism and a 
subsequent increase in the rate of amino acid 
catabolism. Amino acids cannot be stored and 
those liberated by enhanced protein hydrolysis 
must be catabolised. The first step in the 
catabolism of all amino acids is a transamina- 
tion reaction to @ ketoglutarate or pyruvate 
yielding glutamate or alanine. Thus, when 
there is an enhanced flux of amino acids 
through the degradative pathways, one would 
expect to observe an increase in the concen- 
tration of the transamination intermediates 
alanine, glutamine, and glutamic acid. 

An increased concentration of certain 
amino acids may have potential ill effects. In 
recent years, a series of correspondence in the 
Lancet!!-!4 reported high plasma phenylala- 
nine concentration in newborn infants on 
total parenteral nutrition exceeding the toxic 
limit of 600 mmol/l recommended for the 
treatment of phenylketonuria.!* We were both 
surprised and reassured to find that neither 
phenylalanine nor tyrosine plasma concentra- 
tions increased significantly at any time during 
dexamethasone treatment. In fact the concen- 
tration of both aromatic amino acids de- 
creased significantly in the final week of treat- 
ment when compared with their pretreatment 
control values (figs C, D). Moreover, we did 
not observe a single instance of either amino 
acid exceeding the toxic limit during the treat- 
ment period. The reason why this group of 
amino acids behaves differently from the 
others is uncertain. It may relate to the ability 
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Plasma concentrations before and during dexamethasone treatment (bars show 95% confidence intervals). (A) glutamine, 


(B) alanine, (C) phenylalanine, and (D) tyrosine. 


of corticosteroids to stimulate the enzymatic 
activity of specific hepatic aminotransferase!” 
and potentiate the removal of these amino 
acids from the circulation. 
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Coagulation screening tests in high risk neonates: 
a prospective cohort study 


B K Schmidt, P Vegh, M Andrew, M Johnston 


Abstract 

Forty seven infants in a prospective cohort 
of 170 high risk neonates without signs of 
overt bleeding had abnormal coagulation 
screening tests within 36 hours of birth. 
Early thrombocytopenia was a better pre- 
dictor of prolonged prothrombin times 
and hypofibrinogenaemia than very low 
birth weight, fetal growth retardation, or 
poor five minute Apgar scores. 


(Arch Dis Child 1992;67:1196-7) 


Although the occurrence of neonatal throm- 
bocytopenia has been studied,! little is known 
about the prevalence of plasma clotting 
defects in unselected high risk infants. We 
therefore performed coagulation screening 
tests within 36 hours of birth in a prospective 
cohort of critically ill neonates. We also ex- 
amined whether abnormalities of plasma 
coagulation can be predicted by early low 
platelet counts and several other generally 
accepted risk factors such as very low birth 
weight, fetal growth retardation, and low five 
minute Apgar scores. 


Subjects and methods 

SUBJECTS 

The study was conducted in the neonatal 
intensive care unit at McMaster University 
between April 1989 and March 1990. All 
infants admitted to the unit were eligible for 
enrolment if the following two criteria were 
met: (i) postnatal age less than 36 hours and 
(ii) indwelling arterial catheter with undamp- 
ened pressure tracing. The latter ensured 
recruitment of the group of patients in the 
nursery who were most ill and also allowed 
artifact free blood sampling. The study was 
approved by the Institutional Review Board 
for research involving human subjects. 

The decision to place an arterial catheter 
for monitoring purposes was made by the 
attending medical staff without reference to 
this study. Patency of the catheter was main- 
tained with an infusion of 5% dextrose con- 
taining 1 U/ml heparin at a rate of 1 ml/hour. 
All flushing solutions were heparin free. Apart 
from the administration of 24 U/day heparin, 
no study patient received anticoagulant or 
thrombolytic drugs. Vitamin K (0-5-1-0 mg) 
was given parenterally at birth to all infants. 
Administration of blood products during the 
six hours preceding the study sample was 
recorded in all subjects. 


COAGULATION ASSAYS 
Blood samples (0-9 ml) for coagulation 


studies were drawn once from the free flowing 
arterial catheter at the time of medically 
ordered sampling for complete blood counts. 
The prothrombin time was determined using 
human thromboplastin (Thromborel S, 
Behringwerke, Germany), and expressed as 
the international normalised ratio (INR) 


INR= ( Patient prothrombin time r 


Control prothrombin time 


where ISI is the international sensitivity index 
of the thromboplastin used in the local labora- 
tory.* Fibrinogen was measured using the 
method of Clauss.’ Platelet counts <150x 
10°/l, fibrinogen concentrations <1-5 g/l, and 
an INR >1:5 were considered abnormal in all 
study patients.! 4 Plasma samples were shown 
to be free of heparin contamination by pro- 
tamine titration. 


ANALYSIS 

Observed frequencies and 95% confidence 
intervals of laboratory abnormalities were 
determined. Sensitivities, specificities, predic- 
tive values, and likelihood ratios were calcu- 
lated to assess whether birth weight <1500 g, 
gestational age <29 weeks, five minute Apgar 
scores <6, and platelet counts <150x10°/1 pre- 
dicted abnormalities of plasma coagulation.’ 
As fetal growth retardation has been implicated 
as a risk factor of coagulopathy, the frequency 
of plasma coagulation defects was also 
examined in infants with birth weights below 
the tenth centile according to local population 
based standards.° 


Results 

STUDY INFANTS 

During the 12 month study period, 191 
infants fulfilled the two entry criteria, 177 of 
whom were entered into the study. Fourteen 
infants were either missed, or sampled after the 
first 36 hours of life. Seven blood samples were 
mislabelled or clotted. For ethical reasons the 
study protocol did not allow repeat samples to 
be drawn in these instances. Thus results are 
reported for 170 infants, or 89% of all poten- 
tually eligible infants. Table 1 summarises the 


Table 1 Characteristics of the 170 infants studied 
Gestational age (weeks) 29 (24 41)* 
Birth weight (g) 1380 (600-5300)* 
Sex (male/female) 93/77 
In/outborn 123/47 
5 minute Apgar score 7 (2-10)* 
Postnatal age (hours) 16-6 (0-8-35-5)* 
No with mechanical ventilation at 

time of study 144 
No with fresh frozen plasma infusions 

before study 27 


*Values are median (minimum-, maximum) values. 
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important characteristics of the study group. 
No infant had received blood products for 
clinical bleeding before the coagulation screen. 
Twenty seven infants were given up to 20 
ml/kg of fresh frozen plasma to improve hypo- 
volaemia and hypotension during the six hours 
preceding the blood sample. Coagulation 
screening tests were entirely normal in 67% of 
patients who received plasma, compared with 
63% of those who did not. Owing to the con- 
siderable overlap of the respective 95% confi- 
dence intervals (46:0 to 83:5% v 54:5 to 
70:9%), the effect of the plasma infusions on 
the test results was not considered important 
enough to justify stratification of subsequent 
analyses according to plasma use. 


ABNORMALITIES OF COAGULATION SCREENING 
TESTS 

Table 2 gives the observed frequencies of 
abnormal tests together with the 95% confi- 
dence intervals. Of the 47 infants with abnor- 
mal plasma coagulation, 18 patients had an 
increased INR, whereas 16 subjects had a low 
fibrinogen concentration. In a further 13 
infants the two tests were abnormal. Among 
infants with an abnormal INR, the median 
value was 1-7 (maximum 3-1). Among infants 
with hypofibrinogenaemia the median fibrino- 
gen concentration was 1-1 g/l (minimum 0:3 
g/l). The median platelet count in the 36 
infants with thrombocytopenia was 118x10°/l 
(minimum 36x10°/1). 


PREDICTION OF COAGULOPATHY 

Table 3 summarises the sensitivities, specifici- 
ties, predictive values, and likelihood ratios for 
all examined risk factors of coagulopathy. 


Discussion 

Abnormalities of the coagulation system are 
reported to be common in ill neonates, yet 
little is known about the prevalence of plasma 
clotting defects in unselected high risk infants. 
In this prospective cohort study coagulation 


Table 2 Abnormalities of coagulation screening tests in 170 high risk neonates 








Coagulation profile No (%) of occurrences 95% Confidence 
interval (%) 
Normal 108 (64) 55:8 to 70-8 
Coagulopathy 26 (15) 10-2 to 21-6 
Coagulopathy and thrombocytopenia 21 (12) 7:8 to 18-3 
Thrombocytopenia 15 (9) 5:0 to 14-1 
Table 3 Prediction of coagulopathy 
Predictor Sensitivity Specificity Positive Negative Likelihood ratio 
(%) (%) predictive predictive 
value (%) value (%) 

Birth weight: 

<1500 g (n=97) 77 37 1-5 

>1500 g (n=73) 50 85 0-46 
Gestational age: 

<29 weeks (n=64) 51 38 1-6 

>29 weeks (n=106) 67 78 0-73 
Small for gestational age: 

Yes (n=20) {7 40 1-7 

No (n=150) 90 74 0-92 
Apgar score 

<6 (n=26) 22 38 1-6 

>6 (n=141)* 87 74 0-90 
Platelet count: 

<150x10°/ (n=36) 45 58 3-7 

>150x10°/ (n=134) 88 81 0-63 





“Three missing values in infants not born in this hospital. 
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screening tests were abnormal within the first 
36 hours in about one third of all infants who 
were sick enough to require an indwelling 
arterial catheter for monitoring purposes. 
Abnormalities of plasma coagulation could 
not be predicted accurately by more readily 
known risk factors such as immaturity, fetal 
growth retardation, or poor Apgar scores. The 
strongest predictor of coagulopathy was 
thrombocytopenia. Infants with platelet 
counts <150x10°/1 were 3:7 times more likely 
to have plasma coagulation defects than 
infants with normal platelet counts. Further, 
normal INR and fibrinogen values were less 
than half as likely to be found in infants 
weighing <1500 g than in larger infants. Low 
birth weight, however, was not a strong pre- 
dictor of abnormal plasma coagulation. Thus 
our data suggest that screening for coagulo- 
pathy will have the highest yield in infants 
with early thrombocytopenia whereas infants 
with birth weights >1500 g are least likely to 
have laboratory evidence of coagulopathy. 

The clinical significance of abnormal coag- 
ulation screening tests is currently uncertain. 
Although no infant was noted to bleed overtly 
at the time of the study, occult haemorrhage 
may well have contributed to the morbidity of 
these critically ill infants. This hypothesis is 
supported by previous descriptions of an asso- 
ciation between abnormal coagulation tests and 
the presence and severity of intracranial hae- 
morrhage in preterm infants.’ !° Trials of fresh 
frozen plasma or other preparations of coag- 
ulation factors in the prevention of intracranial 
haemorrhage have yielded conflicting results.!! 
Further studies are therefore required to deter- 
mine whether sick newborn infants would 
benefit from the detection and correction of 
clinically inapparent clotting defects. 
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of the Heart and Stroke Foundation of Ontario. 
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Clinical application of urine antigen detection in 
early onset group B streptococcal disease 


E D G McIntosh, H E Jeffery 


Abstract 

The aim of this study was to test the sensi- 
tivity and specificity of antigen detection 
for group B streptococcus (GBS) from the 
urine ofneonates with early onset GBS sep- 
sis. GBS sepsis was defined as early (<48 
hours) signs of sepsis in a neonate colonised 
with GBS. Neonates of 26 weeks’ gestation 
or more, considered at risk for sepsis, were 
prospectively imvestigated for one year. 
Investigations included culture of superfi- 
cial swabs to assess colonisation, blood cul- 
ture, and the Wellcogen Strep B latex 
particle agglutination test on urine. Of 188 
neonates investigated, 17 (9°%) had GBS 
sepsis. The urine antigen test had a sensi- 
tivity of 88° and specificity of 98%. The 
positive predictive value was 79°/ and the 
negative predictive value 99°/. Blood cul- 
ture was positive in only five neonates 
(29°/). The annual incidence of GBS sepsis 
was 4-0 per 1000 and of blood culture posi- 
tive GBS disease was 1:2 per 1000 live 
births. Three neonates died. The applica- 
tion of the urine antigen test of clinical 
neonatal practice is discussed. 


(Arch Dis Child 1992;67:1 198-200) 


The currently accepted definition of early onset 
group B streptococcal disease is of a baby with 
clinical signs of infection, usually respiratory 
distress and a positive blood and/or cere- 
brospinal fluid (CSF) culture. However, 
Webber er al have described babies with early 
onset pneumonia caused by group B streptococ- 
cus (GBS) of whom only 46% had positive 
blood cultures.' The remaining 54% were heav- 
ily colonised with GBS. Their study did not 
evaluate urinary GBS antigen detection. 
Webber’s study suggests that a definition 
requiring positive blood and/or CSF culture 
may underestimate the incidence of GBS sepsis. 

The detection of GBS antigen by methods 
such as the latex particle agglutination (LPA) 
test have been studied. The theoretical advan- 
tages of this test, compared with traditional 
blood culture, include antigen detection in body 
fluids in concentrations as low as 60-70 ng/ml,’ 
the detection of antigen even if prior antibiotic 
therapy has resulted in minimal live or even dead 
organisms, and the ability to test sequential 
urine specimens. Furthermore, once urine has 
been collected the test takes only 20 minutes to 
perform. 

We have used antigen detection by the LPA 
method in babies with suspected sepsis and have 
examined the sensitivity and specificity of urine 


antigen detection for babies with positive blood 
culture, and for babies with a clinical diagnosis 
of GBS sepsis based on clinical signs and coloni- 
sation with GBS. 


Methods 

Neonates of 26 weeks’ gestation or more con- 
sidered at risk for sepsis entered the study 
prospectively for one year from November 1986 
to October 1987 inclusive. They were consid- 
ered at risk if one or more of the following crite- 
ria were fulfilled: positive antenatal genital swab 
for GBS, spontaneous onset of preterm labour, 
prolonged rupture of membranes (>12 hours), 
intrapartum fever (>37-5°C), fetal distress, 
birth asphyxia and/or any of the following occur- 
ring within 48 hours of birth—unexplained res- 
piratory distress, sustained tachycardia (>160 
beats/min), shock, temperature <36:5°C or 
>37:5°C. Microscopy and culture of ear and 
umbilical swabs and gastric aspirate, blood cul- 
ture, and the Wellcogen Strep B LPA test were 
performed when indicated as soon after birth as 
practicable. 

The Wellcogen Strep B LPA test is designed 
to detect polysaccharide wall antigen released 
from the GBS into various body fluids (for the 
purpose of this study urine was tested by bag col- 
lection after thorough cleansing of the skin). 
The test was used according to the manufact- 
urer’s instructions. That is, the urine was boiled 
for a minimum of five minutes, centrifuged for 
10 minutes at 3000 rpm and one drop of super- 
natant tested against a control latex and one 
drop against a test latex. Agglutination, if pre- 
sent, was recorded after gently rocking the test 
card for three minutes. 

In the neonates at risk of sepsis, early onset 
GBS disease was defined as either clinical signs 
(unexplained respiratory distress, sustained 
tachycardia >160 beats/min, shock, tempera- 
ture <36:5°C or >37-5°C within 48 hours of 
birth) in a baby colonised by GBS, or a positive 
blood culture before the onset of clinical signs 
(performed because of one or more of the ante- 
natal risk factors). The absence of GBS disease 
was defined as either clinical signs in a non- 
colonised baby or no signs in a colonised baby. 

From the at risk group of infants a subgroup 
of 100 neonates without disease were randomly 
selected in order to establish (a) the proportion 
of antenatal compared with postnatal risk fac- 
tors and (b) the significance of the neutrophil 
count and placental histology. 

The sensitivity, specificity, and positive and 
negative predictive values of the Wellcogen 
Strep B LPA test were calculated by applying the 
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test results to the above definition of early onset 
GBS disease. The 95% confidence limits were 
calculated for the sensitivity and the specificity of 
the LPA test. Fisher’s exact and y? tests were used 
in the analysis of risk factors. The study was car- 
ried out at a time before the routine or widespread 
use of antenatal genital swabs for the detection of 
GBS and before the routine or widespread use of 
antibiotics in mothers (or babies) where antenatal 
risk factors for GBS infection were present. 
Nevertheless, some women were swabbed if there 
was prolonged rupture of the membranes (>12 
hours) at term, preterm rupture of membranes, or 
intrapartum fever. 


Results 

There were 4282 live births during the one year 
study period. One hundred and eighty eight 
neonates with antenatal or postnatal risk factors 
for early infection were screened for sepsis using 
all three of the following tests: blood culture; sur- 
face swabs and/or gastric aspirate microscopy and 
culture; and urinary LPA test. Of the 17 neonates 
who had GBS disease, 16 were colonised with 
GBS and had clinical signs, and one was asymp- 
tomatic with a positive blood culture. The remain- 
ing 171 neonates did not have GBS disease. 

The sensitivity, specificity, and positive and 
negative predictive values for the LPA test are 
shown in table 1. There were four false positive 
tests. Two occurred in babies colonised with 
GBS, one baby’s mother had received intra- 
partum antibiotics, and the fourth was neither 
colonised nor had the mother received antibiotics. 
Five of the 17 neonates with GBS disease (29%, 
95% confidence interval 7% to 51%) had blood 
cultures positive for GBS. One of these had no 
clinical signs of sepsis. All five neonates had a pos- 
itive LPA test on urine. There were two false neg- 
ative tests, both in neonates with clinical signs of 
sepsis and colonised with GBS. The mother of 
one of these babies had received intrapartum 
antibiotics. A repeat urine test was not performed 
in either baby. 

Using the traditional definition of GBS sepsis, 
a positive blood (or CSF) culture in a neonate 
with clinical signs or one with maternal risk 
factors, the sensitivity of the LPA test is 5/5 
(100%) and the specificity is 169/183 (92%). 

Ofthe 12 neonates with positive LPA tests but 
negative blood cultures, 11 had an antenatal risk 
factor (including nine whose mothers had intra- 
partum fever >37-5°C), 

Table 2 shows the number of neonates with 
and without early onset GBS disease, and the 
proportion that were preterm, neutropenic 


Table 1 Sensitivity and specificity of the LPA test 
SE al A nh 





GBS No GBS Total 
disease disease 
LPA test 
positive 15 4 19 
LPA test 
negative 2 167 169 
Total 17 171 188 


Sensitivity, 88% (95% confidence interval 73% to 100%); speci- 
ficity, 98% (95% confidence interval 96% to 100%); positive pre- 
dictive value, 79%; negative predictive value, 99%, 


1199 


Table 2 Early onset GBS disease: gestation, neutropenia, 

and chorioamnionitis/vasculitis. Results are number (%) 

ee 
GBS disease No GBS disease 


Preterm 10/17 (59%) 52/100 (52%)* 
Neutropenia 4/17 (24%) 8/98 (8%)* 
Chorioamnionitis or 9/14 (64%) 34/72 (47%) * 
Vasculitis 








“No significant difference between disease and no disease groups. 


according to the criteria of Manroe et al,’ and 
had placental chorioamnionitis or vasculitis as 
defined by Russell.* There was no statistical dif- 
ference between the disease and the non-disease 
groups for preterm birth, neutropenia or for 
chorioamniotis/vasculitis, although the appar- 
ent trend was for babies with disease to have 
neutropenia. 

The annual incidence of early onset GBS dis- 
ease was four per 1000 live births. The annual 
incidence of blood or CSF culture positive GBS 
disease was 1-2 per 1000 live births. Three 
preterm neonates died as a result of the disease 
giving a case fatality rate of 17-7%. 


Discussion 

This study defined early onset GBS disease as 
the presence of clinical signs within 48 hours of 
birth in a neonate colonised by GBS, or positive 
blood or CSF culture. This definition is some- 
what controversial. However, support for its 
validity is provided by our finding that 11 of 12 
neonates with urinary GBS antigen detected in 
the face of negative blood cultures had recog- 
nised maternal risk factors for GBS sepsis. In 
order to detect GBS disease the urinary LPA test 
was applied to neonates who had either antena- 
tal or postnatal risk factors for infection. The 
sensitivity of 88% and specificity of 98% for the 
LPA test in this study suggest a rapid means for 
presumptively diagnosing early onset GBS dis- 
ease before formal cultures are available. 

Previous studies have examined the sensitivity 
and specificity of the LPA test in detecting GBS 
sepsis.“ ^! Most have relied on positivity of 
blood or cerebrospinal fluid culture in order to 
define the sensitivity and specificity of the LPA 
test. The present study suggests blood culture is 
only 29% (5/17) sensitive (95% confidence 
interval 7% to 51%) in detecting early onset 
GBS disease. 

The lack of specificity when judged by blood 
culture, creating false positive urinary LPA 
tests, has been addressed by several authors. 
Harris et a/investigated neonates with suspected 
sepsis who had positive LPA tests and negative 
blood cultures.!* These authors found that local 
contamination of the perirectal skin or urinary 
tract with B streptococcus was an unlikely 
source of false positive LPA reactions. They 
concluded that maternal antibiotic pretreat- 
ment during labour may represent an important 
cause of apparent false positive LPA reactions. 
False positive urine tests have been observed 
rarely in patients infected with other bacterial 
pathogens, for example Proteus mirabilis.’ 

Sanchez et al suggested that contamination of 
bag specimens of urine with GBS from heavy 


perineal and rectal colonisation may produce a 
positive urine LPA test in an infant with no sys- 
temic signs of infection.!’ Microbiological tests 
carried out at the Royal Prince Alfred Hospital, 
Sydney, suggested that heavy contamination with 
10’ organisms/ml or more of GBS was required to 
cause a ‘false positive’ LPA test (Dr R Benn, per- 
sonal communication). 

Ascher et al believe that the meaning of a pos- 
itive urine antigen result with a cencomitant 
negative blood culture remains unresolved, but 
suggest that gastric absorption of GBS antigen 
may play a part.!4 

As the negative predictive value of the LPA 
test is 99%, a negative result in an at risk infant 
who is asymptomatic can support a clinical deci- 
sion not to treat with antibiotics. This presumes 
GBS disease is a leading cause of bacterial mor- 
bidity in the particular neonatal unit. While 
early antibiotic treatment is indicated in the 
neonate when there are clinical signs of sepsis, 
the decision to cease antibiotics is usually made 
on the basis ef rapid clinical improvement in the 
absence of positive cultures. A negative LPA test 
provides additional evidence with which safely 
to terminate antibiotic treatment. 

The annual incidence of early onset GBS 
disease in this study was 4 per 1000 live births, 
a rate that is within the reported range in the lit- 
erature but ss higher than recent reports for the 
USA and Europe.! This figure was threefold 
greater than the annual incidence of 1-2 per 
1000 live births as determined by blood culture 
over the same period of time in the present 
study. The definition of early onset GBS dis- 
ease used in this study may result in overdiag- 
nosis. It is, however, clinically safer than 
relying on blood culture which underestimates 
the disease at least twofold. ! 

The implications of using neonatal blood 
culture alone to estimate early onset GBS dis- 
ease have beth collective and individual mater- 
nal relevance. Collectively, strategies for 
prevention ef disease in any given maternity unit 
will need to assess both the maternal carriage 
rate and the incidence of the disease in the 
neonate. The effectiveness of any intervention, 
such as intrapartum chemoprophylaxis, will rely 
on evidence of a reduction in neonatal disease 
incidence as One important outcome. A test with 
29% sensitivity as found for blood culture in this 
study is inadequate to define either the need for 
intervention or the effect of intervention. 
Alternatively, the LPA test applied to urine is 
easy to implement and acceptable with a sensi- 
tivity of 88%. 

For an individual mother, detection of early 
onset GBS disease has important implications, 
not only for appropriate and immediate treat- 
ment of her neonate but also for her future preg- 
nancies. The likelihood that inadequate 
maternal antibody levels to GBS contribute to 
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neonatal susceptibility to GBS disease and the 
reported recurrence in subsequent pregnancies 
suggests an increased risk for perinatal disease in 
future pregnancies. }° 

In conclusion, this study suggests that detec- 
tion of GBS antigen in the urine by the LPA test 
is valuable in improving clinical neonatal prac- 
tice. This is based on the evaluation of the test 
when applied to a clinical definition of early 
onset GBS disease. The sensitivity of 88% and 
specificity of 98% is within acceptable limits. 
The 99% negative predictive value is a valuable 
adjunct to safely limiting unnecessary antibiotic 
use. The increased rate of disease detection 
when the test was compared with traditional 
blood culture, has implications for appropriate 
antibiotic treatment of the individual neonate, 
as well as future siblings. This test also has a role 
in defining neonatal GBS disease more accu- 
rately when evaluating preventive strategies. 
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Recovery of intralipid from lumbar puncture after 
migration of saphenous vein catheter 


Felix Odaibo, Carlos A Fajardo, Catherine Cronin 


Abstract 

A term female infant was admitted to the 
intensive care unit with the diagnosis of 
tetralogy of Fallot with critical pulmonary 
stenosis. On the seventh day of life a long 
saphenous line was inserted that remained 
without complications until seven days later 
when the infant appeared septic. A lumbar 
puncture demonstrated the presence of intra- 
lipid in the cerebrospinal fluid that we inter- 
preted as due to migration of the saphenous 
catheter. The child had an uneventful 
recovery. 


(Arch Dis Child 1992;67:1201-3) 


Newborns requiring long term parenteral nutri- 
tion have been managed with central venous 
catheters. Between 28-50% of these infants 
develop complications of catheterisation.! 7 
Complications are associated with low birth 
weight, especially less than 1000 g, lower gesta- 
tional age, and a longer duration of catheter 
insertion as well as repeated catheterisation.! In 
this report, we describe a term baby who 
developed late extravasation of a long saphenous 
vein line into the epidural space. 


Case report 

An infant girl delivered at term by caesarean 
section weighed 3260 g and required no active 
resuscitation. Apgar scores were 9 and 9 at one 
and five minutes respectively. The child was 
transferred from another hospital to this centre 
for investigation of intermittent circumoral 
cyanosis. Investigations confirmed tetralogy of 
Fallot with critical pulmonary stenosis. She was 
managed with prostaglandin infusion. Balloon 
angioplasty was carried out on the fourth day of 
life through the right saphenous vein after failure 
to get the catheter through the umbilical vein. 
The procedure was complicated by difficulty in 
passing the catheter through the saphenous 
vein. 

On the seventh day of life, the baby developed 
necrotising enterocolitis necessitating the insti- 
tution of total parenteral nutrition. A long line 
(Dow Corning Silastic Medical) was established 
with ease on the eighth day of life via the left 
saphenous vein. Confirmation of its position in 
the femoral vein was carried out by withdrawing 
blood from the catheter and an x ray film (fig 1). 

On the 15th day of life, seven days after 
insertion of the central venous catheter, she 
became febrile and mottled, with poor peri- 
pheral perfusion. A blood count showed neutro- 
philia with a leucocyte count of 51x 10°/I and 


young cells of 30%. A lumbar puncture revealed 
a milky fluid that was not under pressure and 
contained a triglyceride concentration of 42°6 
mmol/l. No cells were found and there was no 
growth on culture. Fluoroscopy showed opacifi- 
cation of the epidural space with the tip of the 
catheter at lumbar level 4 and 5 (fig 2). Blood 
could not be withdrawn from the catheter so it 
was promptly removed. An electroencephalo- 
gram, ultrasound scan, and computed tomo- 
gram of the spine were normal with no evidence 
of masses within the epidural space. Repeat 
lumbar puncture one week after the incident 
was completely normal. 

A magnetic resonance imaging scan of the 
spine carried out about the seventh week of life 
revealed only questionable narrowing of L4-L5 
disc space with no evidence of cord compression 
or expansion and neither extradural abnormality 
nor aberrant vessels were identified. The child 
made an uneventful recovery but was readmitted 
with small bowel obstruction due to segmental 
volvulus. Postoperatively she had no complica- 
tions. 





Figure | 


re l Radiograph contrast study immediately after 
surgical insertion of Silastic catheter in the left femoral vein. 
Note the arrow pointing to the tip of the catheter. 


1202 


Figure 2 Lateral radiograph during fluoroscopy. Note that 
ihe contrast material outlines the epidural space and the 
errow points to the catheter traversing the L4-LS disc space. 


Discussion 

Complications of catheter placement are widely 
reported. The most common complications are 
thrombosis and infection. The causal organisms 
include Staphylococcus epidermidis, Staphylo- 
coccus aureus, Pseudomonas aeruginosa, and 
Candida albicans.’ Other complications include 
catheter rupture, dislodgement, failure, leakage 
af fluid, and peripheral oedema. 

The more serious complications relate to 
cardiorespiratory compromise. Respiratory diffi- 
culty may occur as a result of collections in 
the pleural cavity.* Complications are no more 
frequent with mdwelling femoral central lines 
than with lines in other sites.* This report 
demonstrates that even with careful checking of 
the position of the catheter, displacement or 
migration of the catheter can still occur. A high 
index of suspicion is required to alert a physician 
to this rare type of complication. In another 
case reported catheterisation of the femoral 
vein via the left saphenous vein resulted in the 
infusion of the centents of parenteral nutrition 
into the dural and retroperitoneal spaces.” 
Whereas the clinical presentation and lumbar 
puncture findings were similar to ours, the 
pesition of their catheter was never established 
before starting the infusion, and the outcome 
was fatal. 

We are certain that the catheter was in the 
right position when first placed because of the 
ability of the surgeon to withdraw blood from 
the line soon after its insertion and the radio- 
logical confirmation of its position. It must have 
been in place until the very end as this infant 
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received parenteral nutrition over a seven day 
period through this line at a rate of 150 ml/kg/ 
day and had a sudden deterioration with no 
recovery of blood from the line at that time. 

One can only speculate as to the mechanisms 
of this rare complication. The veins of the 
vertebral canal form freely communicating 
plexuses along its length both inside and outside 
the canal. The internal vertebral plexuses form 
a continuous network between the dura mater 
and the walls of the vertebral canal. Because 
these vessels are so thin walled, it is probable 
that the catheter, having passed into the ascend- 
ing lumbar veins, entered the intervertebral 
veins, ruptured its wall, thereby lodging in the 
epidural space (figs 3 and 4). We postulate that 
obstruction or thrombosis of femoral vessels 
may lead to increased blood flow through the 
paravertebral plexus, which may displace the 
tip of the catheter from its original position. 
However, we were not able to confirm this on 
radiological examination. 

Our case report emphasises that long Silastic 
central catheters may become displaced at any 
time, even when correct placement has been 
documented radiologically. Furthermore, there 
may be no external evidence that displacement 
has taken place. We recommend (i) that manu- 
facturers imprint catheters with indelible marks 
so that the length of tubing inside the body may 
be documented, (ii) that the catheters tip be 
radiopaque, enabling displacement to be identi- 
fied on a plain x ray film, and (iii) that personnel 
caring for infants with central venous Silastic 
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catheters have a high index of suspicion of this 
complication, which may be asymptomatic. 


l Grisoni ER, Mehta SK, Connors AF. Thrombosis and 
infection complicating central venous catheterization in 
neonates. 7 Pediatr Surg 1986;21:772-6. 

2 Richet H, Hubert B, Nitemberg G, et al. Prospective multi- 
center study of vascular-catheter-related complications and 
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Clinica? data of the eight patients 





Patient Sex 
No 

l M 
2 M 
3 F 

4 M 
5 F 

6 F 

7 F 
8 M 


Gestational 
age (weeks) 


36 


30 


40 


35 


40 


tv 
~] 


40 
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Meconium ileus in the absence of cystic fibrosis 


Khoulood Fakhoury, Peter R Durie, Henry Levison, Gerard J Canny 


Abstract 

Although meconium ileus in the absence 
of cystic fibrosis is considered a rare 
event, it was found that eight of 37 
(21-6°%) newborn infants with meconium 
ileus had no laboratory or clinical evi- 
dence of cystic fibrosis. 


(Arch Dis Chila 1992;67:1204 6) 


Meconium ileus is the earliest clinical mani- 
festation of eystic fibrosis in 10 20% of 
affected patients (13°4°% at this clinic),! but it 
is a rare phenomenon in patients who do not 
have this condition. We report eight neonates 
with meconium ileus, who had no clinical or 
laboratory evidence of cystic fibrosis. 


Patients, methods, and results 

During the six year period, 1986-91, 37 
neonates with meconium ileus were seen al 
the Hospital for Sick Children, Toronto, 
Fight (four boys) of these 37 patients (21-6) 
were subsequently shown to have no labora- 
tory evidence of cystic fibrosis, and they 
form the basis of this report. 

The patients’ characteristics are summar- 
ised in the table. Four of the eight infants 
were delivered prematurely (that is, less than 
37 weeks’ gestation), three of whom required 
intubation and mechanical ventilation at 





birth. Maternal complications included poly- 
hydramnios (patients 4 and 7) and pre- 
eclampsia (patient 6), but there was no family 
history of cystic fibrosis. All presented with 
signs of intestinal obstruction with abdominal 
distension (with the exception of patient opp 
and failure to pass meconium, and four 
infants developed ileal perforation. All except 
patient 5 required laparotomy, and three 
infants required bowel resection. Compli- 
cations noted at surgery included ileal per- 
foration, meconium peritonitis, meconium 
pseudocysts, ileal volvulus, and ileal atresia 
(table). Histopathology of the surgically 
resected specimens of small bowel revealed 
necrosis and haemorrhage, but lesions typical 
of cystic fibrosis? or Hirschsprung’s disease 
were not identified. Pilocarpine iontophoresis 
sweat chloride tests were normal on two 
occasions in all patients. Genetic studies were 
performed on six subjects, none of whom had 
the AF... deletion, which is present in 68% of 
patients with cystic fibrosis at this clinic.’ Six 
of the eight infants had a favourable outcome 
and developed no gastrointestinal, nutritional, 
or pulmonary complications. 

Patient 2, who was born at 30 weeks gesta- 
tion, required mechanical ventilation for 17 
days and developed mild bronchopulmonary 
dysplasia. Patient 6 required continuous 
mechanical ventilation for 106 days for the 
respiratory distress syndrome, which resulted 


——$—$—$ 


Age at Birth Clinical Abdominal 
presentation weight (g) presentation radiograph 
Day 2 2730 Formula feeds for 24 hours, Distended loops with air-fluid 
abdominal distension, vomiting levels, no air in colon. 
(bilious drainage by nagogastric Barium enema: microcolon, 
tube). No meconium passed > distal small bowel atresia 
after 24 hours 
Day 3 730 Ventilated for RDS (17 days): Dilated loops (day 1), free air 
not fed, developed abdominal in the abdomen (day 3) 
distension, periumbilical erythema. 
No meconium passed by day 2. 
At birth 3210 Not fed, developed abdominal No abdominal gas; microcolon; 
distension. No meconium passed; calcification in RIF. 
bilious drainage by nasogastric tube ? Meconium cyst 
Day 2 2630 Low Apgar scores—ventilated for No abdominal gas. Barium 
24 hours: not fed, developed enema: malrotauon, 
ascites and raised serum proximal dilation of small 
transaminase values on day 2. bowel with free air in the 
No meconium passed by day 2 abdomen 
12 hours 3120 Breast fed, bilious vomiting. Barium meal: ?mass in RIF, 
No meconium passed barium enema: patchy filling 
defects in colon and the last 
10 cm of ileum 
Day 2 870 Ventilated for RDS (106 days): Dilated bowel loops. Barium 
l not fed, abdominal distension. enema: microcolon 
No meconium passed by day 3 
At birth 3500 Not fed, abdominal distension, Air bubble in the stomach, no 
bilious gastric aspirate air in the rest of the bowel. 
Barium enema: proximal 
bowel dilatation microcolon 
7 hours 3000 Breast fed, abdominal distention, Paucity of air in the abdomen, 











free air under diaphragm 


bilious vomiting 


Be eel 
BPD=bronchopulmonary dysplasia; RDS =respiratory distress syndrome; RIF=right iliac fossa. 
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in the development of bronchopulmonary dys- 
plasia. Despite irrigation of the bowel with N- 
acetylcysteine at laparotomy, no meconium 
was passed, and further surgery was required 
at day 14 of life after a rectal perforation. 
Several attempts at extubation failed and this 
baby died at 4 months of age from lower res- 
piratory infection, superimposed on chronic 
lung disease. With the exception of patients 2 
and 6, all infants in our series had normal 
chest radiographs. 


Discussion 

Although all of the newborns described 
presented with meconium obstruction of the 
terminal ileum, none had clinical or labora- 
tory evidence of cystic fibrosis. Meconium 
intestinal obstruction in the neonatal period 
can be due to three conditions (1) meconium 
ileus; (2) meconium plug syndrome; and (3) 
meconium disease (inspissated meconium 
syndrome). 

Meconium ileus is due to mechanical 
obstruction of the terminal ileum with thick, 
viscid meconium, and in about 50% of cases 
is complicated by volvulus, atresia, or 
meconium peritonitis. In cystic fibrosis, 
meconium ileus is thought to result from 
abnormal mucus production in the intestine? 
and/or impaired pancreatic enzyme or fluid 
secretion.? Meconium ileus rarely occurs in 
infants without cystic fibrosis,° but has been 
reported with pancreatic duct stenosis,’ 
partial pancreatic aplasia, ileocaecal atresia” 
as a familial condition!® !! and a functional 
disorder in preterm babies.!* The meconium 
plug syndrome has also been reported in 
cystic fibrosis.!* In this condition, transient 
obstruction of the distal colon occurs, 
although meconium plugs in the ileum may 
cause complications, requiring surgery.!* 
Meconium disease has been described in pre- 
mature infants with very low birth weight and 
is not associated with cystic fibrosis.!? In this 
condition meconium plugs are found in the 
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distal ileum and proximal colon and the 
resulting obstruction can generally be relieved 
by enemas. 

Although overlap between the three causes 
of meconium obstruction may occur, the cases 
we report most closely resemble meconium 
ileus. In addition, typical complications of 
meconium ileus occurred in five of our cases, 
necessitating surgical intervention. However, 
sweat tests were negative in all of our patients, 
none had clinical or laboratory evidence of 
pancreatic insufficiency, and the most com- 
mon deletion associated with cystic fibrosis 
(AF..,)> was not present in the six infants who 
had genetic studies. We feel confident, there- 
fore, that our patients did not have cystic 
fibrosis. 

Meconium ileus in the absence of cystic 
fibrosis is considered a rare event and has 
been reported in only a few cases,'° '* some- 
times as a familial condition.!°!! However, 
21:6% of our patients with meconium ileus 
did not have cystic fibrosis. Although the 
exact cause of meconium ileus is unclear, four 
out of eight of the babies described were born 
prematurely (<37 weeks’ gestation), three of 
whom required mechanical ventilation. It is 
possible that reduced intestinal motility may 
have contributed to the development of meco- 
nium ileus in these infants. 

In summary, our report indicates that a sig- 
nificantly greater number of newborn infants 
with meconium ileus will not have cystic 
fibrosis than has been previously described. 
Definitive parental counselling should, there- 
fore, be delayed until accurate sweat chloride 
tests can be obtained. 


The authors thank J Chay for secretarial assistance. 
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Operative findings 





Genetic Treatment 


analysis 





Meconium ileus, meconium obstructing 


the ileocaecal valve. No atresia 


Meconium ileus with perforation 
of mid-ileum 


Meconium peritonitis. Meconium cyst: 


ileal atresia with perforation 


Meconium ileus with mid-ileal 
volvulus and perforation 


No surgery 


Meconium ileus, microcolon 


Segmental ileal volvulus at mid-ileum 


meconium cyst, and associated 
ileal atresia 


Perforated distal ileum, meconium 


peritonitis 


Not done 


er 
Negative for AF... 
anastomosis 


Negative for AF... 


and ileostomy 


Not done 


Negative for AF 


508 
and enema 


Negative for AF. 


508 


Negative for AF 


508 A 
anastomosis 


Negative for AF 


508 


5 cm ileal resection and end to end 


10 cm small bowel resection, 


10 cm small bowel resection with 
end to end anastomosis and irrigation 
of distal bowel with N-acetylcysteine 


N-acetylcysteine by nasogastric tube 


Bowel flushed with N-acetylcysteine 


Meconium cyst resection, side to end 


Ileostomy, no bowel resection 


Outcome 


Bowel flushed with N-acetylcysteine 


No complications. Normal faecal fat and 
bentiromide study 


No nutritional or gastrointestinal 


problems. Serum trypsinogen normal. 
Mild BPD 


No nutritional, gastrointestinal, or 
respiratory problems 


Jejenostomy required for small bowel 
dehiscence. No nutritional or 
respiratory problems 


No nutritional or respiratory problems. 
Normal faecal fat study and 
serum trypsinogen 


Severe BPD. Rectal perforation day 14. 
Died from respiratory failure 
at 4 months 

Normal trysinogen value 


Raised trypsinogen value 
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Validation of a portable indirect calorimetry 
system for measurement of energy expenditure in 


sick preterm infants 


G J Shortland, P J Fleming, J H Walter 


Abstract 
A portable indirect calorimeter adapted 
from adult use was validated for use in 
preterm infants. Oxygen consumption 
(Vo,) and carbon dioxide production 
(Vco,) were subsequently measured in 16 
preterm infants breathing spontaneously 
in room air (canopy mode) and in nine 
preterm infants receiving intermittent 
positive pressure ventilation (ventilator 
mode). Validation of the system was per- 
formed using a gas injection technique 
with nitrogen to simulate Vo, and carbon 
dioxide for Vco,. Mean errors in valida- 
tion of the canopy mode were 1:4% and 
0-2°% for Vo, and Vco, with limits of 
agreement of 0-6 (+2SD) ml/min and -1:3 
(-2SD) ml/min, and 0-9 (+2SD) ml/min 
and -2:3 (-2SD) ml/min respectively. In 
validation of the ventilator mode mean 
errors were -1:8% and —5-05°/ for Vo, and 
Vco, with limits of agreement of 1-02 
(+2SD) ml/min and -0:74 (-2SD) ml/min, 
and 0:93 (+2SD) ml/min and -1:45 (-2SD) 
ml/min respectively. | 

Values of Vo, and Vco, in 16 preterm 
infants in the canopy mode were 6:2 
ml/kg/min (0-5 1SD) and 6:7 ml/kg/min 
(0-6 1SD) and in nine preterm infants in 
the ventilator mode 4:98 ml/kg/min (1:09 
1SD) and 474 ml/min/kg (1:08 1SD) 
respectively. Mean energy expenditure 
was 45°5 kcal (191 kJ)kg/day for infants 
measured in the canopy mode and 35:5 
kcal (149 kJ)/kg/day for ventilated infants. 
This metabolic system can be adapted for 
use in the newborn but accuracy is 
reduced when it is used in those weighing 
less than 1000 g. 


(Arch Dis Child 1992; 67:1207-11) 


The measurement of the rate of oxygen con- 
sumption (Vo,) and carbon dioxide produc- 
tion (VCO,) by indirect calorimetry may be 
used to calculate a number of parameters 
important in research into human metab- 
olism. These include the respiratory quotient 
(RQ), energy expenditure, and rates of fat and 
carbohydrate utilisation.’ Vco, is also re- 
quired where carbon labelled stable isotopes 
are infused for the measurement of substrate 
oxidation and estimation of whole body pro- 
tein turnover.* The first calorimeters used a 
closed circuit design’ and have progressed to 
open circuit indirect calorimeters* and venti- 
lated hood or canopy systems. Indirect 
calorimetry has been widely used in metabolic 


studies in adults and has provided much 
information about metabolic processes in both 
health® and disease.’ Studies in children and 
infants are technically more difficult and this 
is particularly so for sick preterm infants. 
However a knowledge of energy expenditure 
and rates of substrate utilisation in this latter 
group is of vital importance in determining 
optimal environmental conditions and appro- 
priate feeding regimens. There at present 
exists a paucity of calorimetry data on sick, 
and particularly ventilated, preterm infants. 
Many factors have been described that may 
influence the measurement of energy expendi- 
ture in the infant including the effect of feed- 
ing, ° medical procedures,!° sleep state,!! 
maturity,!* and type of feed.!* Variability in 
measurements from day to day have been 
reported!* and investigation of infants over 
five days have been performed.'* These 
studies have concentrated on healthy growing 
infants and there is a need for suitable appara- 
tus to be used with the sick preterm infant for 
similar work. The difficulties that arise when 
using indirect calorimetry in low birthweight 
infants are primarily due to their very small 
respiratory volumes. In ventilated hood or 
canopy systems the change in gas concentra- 
tions for infants of between 1000 and 2500 g 
will be in the order of 0:05 to 0-15% when a 
canopy ventilation rate of about 10 l/min is 
used. It is important that any system used to 
measure VO, and Vco, must be able to accu- 
rately determine such small differences. 
Previous investigators have reported variations 
from expected values in Vo,, Vco, and RQ of 
between 2 to 5%.! 16 l 
_ In contrast to the measurement of Vo, and 
Vco, in well, stable infants, there are few 
reports of their measurements in the ventilat- 
ed, newborn infants. Lucas et al have reported 
measurement of Vco, , but not Vo,, on 11 
ventilated newborn infants between 26 and 32 
weeks’ gestation.!’ They have suggested that 
by measuring VCO, alone and taking RQ as 
0-85 that errors in the calculation of energy 
expenditure would be no greater than 14%. In 
an artificial test lung recovery rates of carbon 
dioxide ranged from 97 to 99%. Richardson 
et al measured Vo,, but not Vco,, by an oxy- 
gen replenishment technique in 14 infants 
with respiratory distress syndrome.! Com- 
bined measurements of Vo, and VCo, in sick 
infants, young children, and the newborn 
have been made using a metabolic monitor 
that employs a pneumotachometer, zirconium 
oxide oxygen sensor, and infrared carbon 
dioxide sensor.!? 2° In those systems the 
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assessment of VO, is critically dependent on 
accurate measurement of the oxygen concen- 
tration entering the system and that the oxy- 
gen supplied is at an absolute constant con- 
centration. Small changes in the ambient 
oxygen of 0:05% may lead to large errors of 
30 to 100% in Vo,. Measurements of Vco, 
are less subject to error because of the low 
ambient concentrations of carbon dioxide. 
The lack of suitable validations in indirect 
calorimetry systems have been highlighted 
previously.?! In order to undertake metabolic 
studies in sick low birthweight infants we 
have validated a portable system (Deltatrac 
Metabolic Monitor, Datex IC, Finland) that 
has been adapted for use in children by 
changing the flow rate through the apparatus, 
and tested it for its suitability for ventilated 
and non ventilated preterm infants. It is 
designed to be used as a ventilated canopy 
system, for those infants not requiring ventila- 
tory support or oxygen therapy, and also in a 
closed circuit for ventilated infants. 


Patients and methods 

MONITOR 

In the open canopy mode room air is drawn 
into a Perspex hood by a centrifugal fan at a 
constant flow rate of 10-3 l/min and pumped 
into the monitor. The Perspex hood covers 
the infant and a plastic skirt further covers the 
area of cot surrounding the infant creating 
a partial seal. Concentrations of carbon di- 
oxide and oxygen are measured both in 
ambient room gas entering the hood, via an 
external sampling line, and in gas leaving the 
hood by an infrared carbon dioxide sensor 
and a paramagnetic differential oxygen sensor. 
With a known constant flow rate (Q), Vo, and 
Vco, can be calculated from the difference 
between inspired and expired values; see 
equations (1) and (2): 


(1) Vo,=(Q/(1-Fio,))x(Fo,-(Flo,xFco,)) 
(2) Vco,=Qx(FECO,-FICO,) 


Where Fio, is the concentration of inspired 
oxygen, FEO, the concentration of expired 
oxygen, FICO, the concentration of inspired 
carbon dioxide, FECO, the concentration of 
expired carbon dioxide, Fo, is Flo,-FEO, and 
Fco, is Feco,-Fico,. The formula for Vo, 
includes the Haldane transformation. 

In the ventilator mode gases expelled from 
the ventilator are collected from the expiratory 
port and pass to a mixing chamber via wide 
bore tubing and a two litre low pressure reser- 
voir (Ohmeda anaesthetic rebreathing bag) 
which limits pressure and flow oscillations in 
the system. Carbon dioxide concentration is 
measured in the mixing chamber and again 
after dilution to the known total flow rate. 
Thus by measurement of carbon dioxide dilu- 
tion the minute expiratory flow rate can be 
calculated. VCO, is calculated from the formu- 
la identical to that shown previously. 

Inspired oxygen concentration is measured 
from a sampling line, placed in the inspiration 
limb of the ventilator circuit, and the differ- 


Shortland, Fleming, Walter 


ence between this concentration and the 
mixed gas in the mixing chamber from the 
expiratory limb is measured using the differ- 
ential paramagnetic oxygen sensor. By use of 
the Haldane transformation the RQ can be 
calculated and Vo, defined; see equations (3) 
and (4). 


(3) RQ=(Vco,/Vo,)= nian! a 
[(F10,-FEO,)/FECO,]—Fio, 


(4) Vo,=RQ/Vco, 








Figures 1 and 2 summarise the operating con- 
ditions. 

All values are converted to standard tem- 
perature (0°C) and pressure (760 mm Hg) 
dry (STPD). The metabolic monitor uses tub- 
ing that is freely permeable to water vapour 
and thus equalises the water vapour pressure 
of the gas inside with that of the ambient air. 
All gas samples, including dry calibration and 
validation gases, pass through this tubing. 
Thus all measurements and calibrations are 
under identical conditions of humidity. 
Further detailed information of operating con- 
ditions and formulas used for calculations can 
be obtained.? 


VALIDATION 

The constant flow of the system was mea- 
sured by burning a 5 ml volume of 95% 
Analar grade ethanol (CH,CH,OH) in a glass 
test lung (supplied by Datex, Finland) 
attached to the system. From a known volume 
of ethanol the expected oxygen consumption 
and carbon dioxide production are calculated; 
see equation (5): 


(5) CH,CH,OH+30,=2CO,+3H,O 


As the volume occupied by a mol or g 
molecular weight of any gas at standard 
conditions is 22-414 litres (1) then it may 
be predicted that 1 g of ethanol consumes 
3x22:414/46-:069=1:46 1 O, (STPD) and 
produces 2x22-414/46-:069=0-:973 1 CO, 
(STPD) 

This can be compared with the values mea- 
sured by the apparatus and appropriate cali- 
brations made. It was not possible with, the 
system provided to reproduce rates of Vco, 
and Vo, equivalent to those found in the 
neonate so this system was only used for cali- 
bration of the constant flow. Complete com- 
bustion of the ethanol was noted by the pres- 
ence of a completely blue and even flame. 
Burning time for the ethanol was approxi- 
mately 30 minutes. 

To assess the accuracy of the measurement 
of Vo, and Vco, in the canopy mode, at rates 
similar to those produced by preterm infants, 
nitrogen and carbon dioxide were infused at 
known rates into the canopy using certified 
calibration gas (Cryoservice Ltd, 25:2%+0-5% 
carbon dioxide and 74:8%+1-5% nitrogen) 
and a certified precision flowmeter scaled for 
this gas mixture (Rotameter 1100 series, 
KDG Instruments). Appropriate corrections 
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Figure 1 Operanng conditions for the ventilator mode. 
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Figure 2. Operating condinons for the canopy mode 


were made for operating temperature and pres- 
sure to give gas flows at standard temperature 
and pressure. In the ventilator mode gas was 
infused into the ventilator circuit via an artifi- 
cial glass lung of compliance similar to that of 
an infant of 1500 g with respiratory distress 
syndrome. The ventilator was connected to gas 
supplies and humidifier in the normal way. 
With known infusion rates the injection, of 
nitrogen and carbon dioxide will simulate Vo, 
and VCo,; see equations (6) and (7). 


(6) Vo,=(Fio,/(1~Fio,))xwN, 
(7) Vco,=wco, (wco,=CO, injection) 


Where wN, is the nitrogen injection (ml/min) 
and wco, is the carbon dioxide injection 
(ml/min). | 

For the canopy system Vo, and Vco, rates 
were simulated over a range of 5 to 24 ml/min 
and 4 to 30 ml/min respectively and for the 
ventilated system 4 to 50 ml/min and 3 to 34 
ml/min respectively. 


PATIENTS ; 

Determinations of Vo, and Vco, were made 
in 16 infants using the canopy mode over a 
period of approximately one hour. Gestational 
age varied between 28 to 33 completed weeks 
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(median 31 weeks) study weight 1190 g to 
2460 g (median 1822 g), and postnatal age of 
7 to 19 days (median 11 days). All infants 
were clinically stable and in air at the time of 
studies and at least one hour had elapsed after 
their last feed. 

Nine ventilated infants, gestation 27 to 36 
weeks (median 28 weeks), with weights 
between 880 g to 2500 g (median 1300 g) 
were studied in the closed loop ventilator 
mode. All infants were being ventilated with 
Draegar Babylog ventilators, size 3-0 mm 
endotracheal tubes, and receiving intravenous 
glucose or parenteral nutrition with the excep- 
tion of one infant receiving all nutrition by the 
oral route. Ages ranged from 3 to 28 days old 
(median 4 days). The concentration of 
inspired oxygen in these infants was between 
21% and 60%. An assessment of the leak 
from the endotracheal tube was made by mea- 
surement of carbon dioxide concentrations in 
a plastic mask covering the face. This included 
a slit which allowed the endotracheal tube and 
nasogastric tube to pass through the mask. A 
partial seal was created and air was drawn 
from the mask at a rate of 100 ml/min as mea- 
sured by an 1100 series Rotameter flowmeter. 
Carbon dioxide concentrations were mea- 
sured by infrared analysis (Beckman LB-2 
Analyser, Beckman Instruments). 

All infant temperatures were within the 
thermoneutral range for that infant at the time 
of the studies. Urine was collected during the 
period of the study for estimation of urinary 
nitrogen excretion (Un) for calculation of 
energy expenditure values. Energy expendi- 
ture (EE) for the infants was calculated from 
the classical Weir equation*?; see equation 


(8): 


(8) EE(kcal/day)=5-67Vo, (ml/min)+1.59Vco, 
(ml/min)-2-17Un (g/day) 


All studies were approved by the district ethical 
committee and informed consent was 
obtained from the parents prior to the study. 


Results 
VALIDATION 
The constant flow of gas through the analyser 
was calculated to be 10:3 Vmin after three 
repeated burnings of ethanol showed less than 
1% difference for the calculated value 
between each burning cycle. Mean error was 
calculated as [(measured value-true value)/ 
true value]}x100 where the true value is the 
test gas infusion. In addition the test gas infu- 
sion method, as the gold standard for repro- 
ducing Vco, and Vo,, was compared with 
values obtained from the metabolic monitor 
using the statistical method as proposed by 
Bland and Altman for limits of agreement.** 
This is able to give a 95% confidence level for 
individual measurements when compared 
with an absolute or standard and accurate 
method (that is test gas infusion). 

Mean errors in validation of the canopy 
mode were 1-4% and 0-2% for Vo, and Vco, 
with limits of agreement of 0.9 ml/min 
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(+2SD) and -23 mls/min (-2SD), and 0-6 
ml/min (+2S8D) and -1:3 mls/min (-2SD) 
respectively. Ir validation of the ventilator 
mode meen errors were —1:8% and —5-05% 
for Vo, and Vœ, with limits of agreement of 
1-02 ml/min (28D) and -0-74 ml/min 
(-2SD), and 093 ml/min (+2SD) and —1-45 
ml/min (—zSD) respectively. 

Mean values for infants measured in the 
canopy made “or Vo, and Vco, were 6-2 
ml/kg/min (0-5 18D) and 6-7 ml/kg/min (0-6 
1SD), RQ was 1.07 and mean energy expen- 
diture was 45-5 kcal (191 k))/keg/day. 

Mean values for infants measured in the 
ventilator mode for Vo, and Vco, were 4:98 
ml/kg/min (1-09 1SD) and 4-74 ml/kg/min 
(1:08 1SD), RQ was 0-95 and mean energy 
expenditure was 35°5 kcal (149 k))/kg/day. 
We were rot able to detect a leak of greater 
than 0-1 ml/min carbon dioxide from around 
the endotracheel tube in the three infants in 
whom mea3urerents of leakage were made. 


Discussion 

There is a neec for further understanding of 
energy requirer-erts and substrate utilisation 
of different fues in the preterm infant and 
newborn. Indisect calorimetry provides a 
means for studying this area. A system that is 
compact and moble, providing the facility to 
measure bcth Vo, and Vco, simultaneously is 
of great potental value in making indirect 
calorimetry measurements. However, rigorous 
validation of systems for the measurement of 
Vo, and vco, are needed as errors may be 
significant. 

The system we have used is acceptable to 
the infants and their parents, is non-obtrusive 
in the canopy moce, and may be used in the 
laboratory or clinical setting. Used in the ven- 
tilator moče it may be integrated into the 
clinical env-ronmaent without any disruption to 
normal vencilato> function. 

Validation of a system by gas injection 
allows meesurements of Vo, and Vco, at 
levels that are fcurcd in the preterm and new- 
born infant in cenditions identical to those of 
normal climcal ase. We did not have facility 
for measurement c7 the gas infusion separately 
by mass spectorretcic methods. 

Mean errors werz small for both the canopy 
mode and ventilation mode. These errors 
would result in £ maximum error of RQ mea- 
surement ir the canopy mode of 1% and ven- 
tator mode of 3-3%. These errors are well 
within the previcus published limits and make 
only a small difference to RQ estimation. 

The limits of egreement for the canopy 
mode and the ventlator mode are of a similar 
order. The apparent errors when using the 
mean error for vaEdation are small. By using 
the method of Bard and Altman”* it is possi- 
tle to judge better the performance of the 
measuring apparatus over the whole range of 
values likely to be obtained in studies on new- 
torn infants. This -s preferable to using mean 
errors or correletion coefficients which may 
Lide large errors ic individual measurements. 
Our validation results show that in the small 
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infant, particularly if less than 1000 g, there 
exists the possibility of significant errors in 
measurement, For such infants in the ventila- 
tor mode the 95% confidence limits for Vo 
and Vco, may be as high as 20% and 29%, 
respectively if Vo, and Vco, levels are each 5 
ml/min (maximum error 1-02 ml/min and 
1-45 ml/min respectively). The largest calcu- 
lated error in RQ measurement for true values 
of 1 and 0-7 would be —-0:4 and -0-3, which 
are unacceptably large for most purposes. At 
higher rates of Vo, and Vco, these variations 
become less significant. We would suggest 
that limits of agreement be published when 
validating any new system. As this approach 
to presenting results has not previously been 
extensively used then there exists no previous 
data for comparison with other systems. 

Measurements are difficult to make in situ- 
ations of raised oxygen concentration in the 
ventilator mode where fluctuations may occur 
in inspired oxygen levels. This problem is 
reduced by sampling the inspired oxygen con- 
centration after the humidifier which acts as a 
mixing chamber and reduces fluctuations. In 
addition it is important to note that the sys- 
tem as described for our methods used the 
Draeger Babylog ventilator and capture of 
expiratory gas from the expiratory outlet of 
the ventilator. In the other ventilator com- 
monly used on our unit and other neonatal 
units (Sechrist infant ventilator IV-100B, 
EME) there is mixing, at the expiratory outlet, 
of gas from the infant with gas from a purging 
system that is a different concentration to that 
received by the infant. This results in consid- 
erable errors due to dilation of the expired 
gas. We have tried to eliminate this problem 
by use of an oxygen-air mixer between the 
external oxygen and air supplies and the venti- 
lator blender, so that the purging gas and 
inspired gas are at the same concentration. 
However large systematic variations in Vo, 
and Vco, and undermeasurement of these 
values still occur in infants measured this way. 
Higher flow rates at the expiratory port with 
this ventilator exceeding 10-3 l/min and loss of 
expired gas from the collecting system would 
explain this error. Before using this system 
with any other ventilators other than the 
Draegar Babylog it will be necessary for inves- 
tigators to validate their measurements. 

Values for Vo, and Vco, in the infants in 
our study are similar to those previously pub- 
lished for infants measured in open hood* 
systems and for those on ventilators.!? 18 
Energy expenditure values are also compar- 
able with other published figures.2> 26 The 
mean RQ for those infants in the canopy 
mode was 1-07. Other studies have reported 
RQ values >1 in the neonate and this suggests 
that lipogenesis from glucose is occurring.?’ 
Our values were obtained over a period of 60 
minutes and postprandial by at least one 
hour. Had we continued studies longer then 
net lipid synthesis from glucose may not be 
apparent. This equipment would be appropri- 
ate for such studies. Because the canopy 
mode operates in conditions of ambient air it 
ig not recommended for use in infants receiv- 
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ing supplemental oxygen via a headbox in the 
present configuration. This does preclude 
using this mode to study infants with mild to 
moderate bronchopulmonary dysplasia who 
are not on ventilators but require supplemen- 
tal oxygen. 

Limitations with the ventilator mode 
include the possible loss of expired gas from 
around the endotracheal tube. All our infants 
were ventilated with 3-0 mm endotracheal 
tubes and leaks when measured were small. 
Lucas et al have reported similar negligible 
leaks.!7 If the size of leak is to be assessed with 
each measurement then further equipment 
would be required to do this with the system 
evaluated here. Another potential source of 
error is the uptake of oxygen and loss of car- 
bon dioxide through the skin. Cartlidge and 
Rutter have suggested that this may account 
for 7% of oxygen consumption and 12% of 
carbon dioxide excretion for infants less than 
30 weeks’ gestation nursed in air during the 
first few days of life.2* For measurements with 
the canopy mode the problem of skin losses 
does not occur as the infant is fully encapsu- 
lated in the hood accounting for all oxygen 
uptake and carbon dioxide production. 

In summary we have validated a portable 
metabolic system for use with the preterm 
infant and included in our validation a range 
of values which also encompass the newborn 
term infant. The system has proved easy to use 
in the clinical setting but because of the wide 
limits of agreement care must be taken in 
interpretation of values of Vo, and Vco,, and 
hence RQ, for infants less than 1000 g. Errors 
in these smallest infants are sufficiently large to 
preclude the use of this method alone for accu- 
rate assessment of substrate utilisation. 
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Fatal perinatal nephropathy with onset in 


intrauterine life 
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Abstract 

A girl, born at 29 weeks’ gestation, died cf 
renal failure aged 16 days. Postmortem 
histology showed diffuse mesangial 
sclerosis with failure of development of 
the cortex. This is an unusual cause of 
neonatal renal failure, and it demon- 
strates the effect of disease arising in 
utero and in“luencing the development o? 
the kidney. 


(Arch Dis Child 13923;67:1212-3) 


Renal failure in neonates is rarely due tc 
primary renal disease. We present a case of a 
neonate, borr at 29 weeks’ gestation, in 
whom renal failure led to death within 16 
days. The patnological findings demonstrate 
an effect of the disease process on the matura- 
tion of the kidrev. 


Case report 

The mother was a 28 year old white pmm- 
gravida, She was negative for syphilis anti- 
Sodies and hac no history of renal or auto- 
mmmune disease or of hypertension before 
pregnancy. The parents were unrelated; the 
father had sarccidosis. Serum a-fetoprotein at 
week 18 was raised at 3-2 x median for the ges- 
tation. Fetel ulussound was normal. 

Severe Lypercension developed during the 
last four days before delivery, and an emer- 
zency caesarean section was performed at 29 
veeks after an antepartum haemorrhage. 

The infent gir] weighed 1160 g and re- 
quired resuscitation at birth. Her Apgar scores 
were 2 at 1 minute and 4 at 5 minutes; she 
was also ventilat=d. 

Respiratory distress was present for the first 
three days and was complicated by a pneu- 
r.othorax. She was treated with pancuronium, 
surfactant, piperacillin, and gentamicin. Her 
bood pressure was well maintained. Although 
tre infant was m#dly oedematous with an albu- 
min concenzration of 27 g/l, she passed urine 
at 5 mil/ke/hour for the first 72 hours. 
Urinalysis was negative and the specific gravity 
was below 1012. An umbilical catheter was re- 
moved at 24 hours because of left leg 
mottling. 

At 96 hours proteinuria and haematuria 
were detected, but proteinuria was transient 
ard not quantifed. Her urea concentration 
rose to 9 mmollfrom 4'8 mmol/l at birth; 
creatinine was stetic from birth at 109 mmol/l 
umil day 7 when it increased progressively. At 
that time the infant became oliguric and 


hypertensive and gained weight rapidly. 
Cardiac and renal ultrasound were normal. 
The baby rapidly became anuric, and peri- 
toneal dialysis was commenced. The baby 
died at 16 days of respiratory failure. 

Chromosome analysis was not performed 
and specific genetic counselling was not 
undertaken. A normal female sibling was born 
in January 1992. 


POSTMORTEM EXAMINATION 
A limited examination was carried out and the 
infant was found to be normally formed, 
weight 1240 g, on the 10th centile; she had 
normal genitalia. Internal examination showed 
peritoneal oedema, bile stained ascites, a 
congested liver, small adrenals, and two small 
gastric ulcers. The kidneys were enlarged, pale, 
and oedematous and their combined weight 
was 21:3 g (normal combined weight=12:9 
(33-9) g) for a 1250 g fetus.! There were no 
cysts. The ureters, bladder, and urethra were 
normal. ‘The bladder was empty. 

The placenta (weight 215 g) was not oede- 
matous and showed no evidence of abruption. 


MICROSCOPY OF KIDNEY (FIG 1 AND 2A) 
Despite the large size of the kidneys there were 
only 4-5 layers of glomeruli. The nephrogenic 
blastema was disordered and reduced in thick- 
ness. The superficial glomeruli were small and 
immature, with prominent primitive epithelial 
cells. The deepest glomeruli had developed 
appropriately, but they were enlarged and 
showed mesangial sclerosis. There was no 
increase in cellularity and no crescent forma- 
uon. The tubules were dilated by a mass of 
amorphous material that stained positive with 
periodic acid Schiff} they were not dysplastic 
and there was no evidence of acute tubular 
necrosis. This tubular dilation appears to be the 
cause of the increased renal weight. 
Immunostaining showed peripheral IgM and 
C3 involving all the glomeruli, including imma- 
ture glomeruli that could barely have acquired 
function. 


ELECTRON MICROSCOPY (FIG 2B) 

In the larger glomeruli the epithelial cells were 
separated from the basement membrane, with 
some floating free ın Bowman’s space. Beneath 
these cells was a mass of amorphous material, 
which was not electron dense, and therefore 
did not represent an immune complex deposit. 
The basement membrane was tortuous, with 
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Figure 1 (A) The kidney from the case shounng paucity 
of glomerul and dilated tubules. (B) Normal kidney at 29 
reeks’ gestanon (both stained wuh haematoxyim and 
eosinx30) 





Figure 2. (A) Mesangual sclerosis in a glomerulus from the 
deep cortex (periodic acid Schiffx150) (B) Electron 
micrograph showing mesangial sclerosis, amorphous 
material m the subepithelial space, and detached epithehal 
cells (uranyl acetate lead citratex 1800) 


deposition of filamentous material between the 
endothelium and the basement membrane 
proper, and there was collapse of capillary 
loops and sclerosis of the mesangrum. In the 
smaller, more immature glomeruli there was a 
mass of amorphous material lodged between 
the epithelium and the basement membrane. 
‘The lamina densa was well developed. 


Discussion 

The interest of this case lies both in the 
unusual clinical presentation and the patho- 
logical findings. In our opinion the histologi- 
cal appearance indicates that the renal failure 
in this case was a disease process commencing 
in utero. At 29 weeks’ gestation there are nor- 
mally 9-10 layers of mature glomeruli and the 
nephrogenic blastema is prominent (fig 1B).? 
In our case (fig 1A) there were 4-5 layers of 
glomeruli, many of which were immature, 
which corresponds to the stage of develop- 
ment at about 20-22 weeks, and the blastema 
was thin and disordered. The appearance on 
electron microscopy (fig 2B) indicates that 
those glomeruli that were capable of function 
were suffering from hyperfiltraton injury, 
with trapping of large molecules (including 
the IgM and C3 seen on immunostaining) in 
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a leaking glomerulus. It appears that a patho- 
logical process, probably a specific glomerular 
disease, had curtailed the formation of new 
glomeruli during the last seven weeks in utero. 

Although there are many possible causes of 
renal failure in preterm neonates, in this case 
the insidious onset and relentless progression 
are unusual features. Possible acquired causes 
in a preterm infant are antenatal hypoxia due 
to pre-eclampsia or abruptio placentae, intra- 
partum asphyxia, polycythaemia, emboli from 
a catheter, or gentamicin or pancuronlum 
toxicity. However these would all cause a more 
acute onset of renal failure. More importantly, 
no disease acquired during or after birth could 
have had this profound effect on development. 

Many congenital causes of renal insufficiency 
can be excluded on morphological grounds. 
These include malformations of the lower 
urinary tract, Finnish type congenital nephrotic 
syndrome, polycystic disease, and renal dyspla- 
sia. The lesion in the glomeruli bears some 
resemblance to that seen in congenital syphilis 
but this can be excluded on maternal serology 
and by the absence of immune deposits. 

The renal lesion most closely fits into the 
category of idiopathic diffuse mesangial 
sclerosis (DMS).° This is a poorly charac- 
terised condition, probably of heterogenow 
aetiology, and can be familial. It is rare in 
infancy‘ © and is associated with a less rapidly 
fatal course than in our case. It has not beea 
described in appreciably preterm infant.. 
However the glomeruloscerotic lesions ase 
similar to ours, and the infants with DMS3 
who present early and survive for a few 
months do show an excess of immatu-e 
glomeruli.* 67 In one 15 month infant these 
was also perpheral IgM and C3 staining in the 
glomeruli, without electron dense deposits on 
electron microscopy. The precise patho- 
genetic mechanism remains obscure, in our 
case as in other cases of DMS. 

We believe that this is an example of tne 
influence on development of disease acquired 
during fetal life. From a practical point of 
view it emphasises the importance of reachng 
a pathological diagnosis in cases of neonztal 
renal failure. 


We gratefully acknowledge the opinions given on the cas by 
Professor R A Risdon of the Hospital for Sick Children, Great 
Ormond Street, London, and by Dr] Bernstein of the Wiliam 
Beaumont Hospital, Royal Oak, Michigan, USA. 
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When will my baby go home? 


Peter J Powell, Colin V E Powell, Sally Hollis, Michael J Robinson 


Abstract 

The length of stay of preterm babies dis- 
charged from a neonatal nursery was 
determined and the predictive value of 
perinatal factors on the duration of stay 
was assessed cn 762 preterm Salford born 
babies admitted to Hope Hospital nec- 
natal «wnit between April 1986 and 
November 19%). The data were analysed 
using multiple logistical regression and 
forward stepwise regression analysis. 
Babies were discharged at a median 
(quartile range) postconceptional age of 
36°3 (35:3-37-6) weeks. Seventeen factors 
were found to be strongly predictive of 
discharge dat2. The most significant 
predictive factor was gestational age 
accounting for 40°. of variability com- 
pared with respiratory difficulties (6), 
low birth weignt (4%), sepsis (2%), and 
metabolic problems (1%). 

Most babies are discharged at approxi- 
mately the same postconceptional age 
despite variations in their clinical course. 
Gestational age at birth is the most 
powerful predictive factor of time of 
discharge. 


-Arch Dis CFild 1992567:1214-6) 


‘When the initial shock accompanying the 
birth of a preterm baby has passed one of the 
first questions asked is ‘when will my baby go 
Lome?’ In an attempt to answer this question 
end to determine the predictive value of peri- 
ratal factors we Eave analysed computerised 
zata relating to Salford born babies between 
£pril 1986 and November 1990. There is 
imtle published information to help paedia- 
tricians. Although many studies report out- 
come in terms of morbidity and mortality in 
relation to gestational age,” only rarely is 
the postconceptional age at discharge also 
d=scribed.2 57 This has varied between 36—40 
weeks’ postzonceptional age with average dis- 
charge weights of 2010-2627 g. These studies 
kave reported the information for a discrete 
group of infants, for example all with birth 
weight less than 2000 g.6 

Nothing is lost by discharging babies as 
soon as they are feeding well orally rather than 
by waiting for an arbitrary weight to be 
reached,®!° and this has been local policy for 
the past 10 years. Hope Hospital provides a 
service to Salford, a socially disadvantaged 
district of the Greater Manchester con- 
uroation with 44% of births to unmarried or 
unsupported women (England and Wales, 


28%, 1990) and 8% low birthweight infants 
(England and Wales 6-7% 1990).! 


Methods 

A computerised database of all babies requir- 
ing intensive or special care admitted to Hope 
Hospital from April 1986 has been kept. All 
data of inborn preterm survivors were stored 
prospectively on a Tandon IBM compatible 
computer. The records were checked for 
accuracy by two doctors and a medical secre- 
tary before manual data entry. 

Gestational age was assessed by a combina- 
tion of mother’s dates, an ultrasound scan 
performed before 18 weeks’ gestation, clinical 
assessment of the baby by the formula of 
Dubowitz et al}? and when appropriate by 
examination of the anterior vascular lens 
capsule.'? Gestation was thus entered to the 
nearest week. Records were abstracted from 
the database using the SCIMS operating 
system (Special Care Information Manage- 
ment System, Time Computers Ltd, 
Blackburn) and were analysed using the 
Statistical Package for Social Sciences.’4 A 
multiple logistical regression model was used 
to assess the relative importance of maternal, 
pregnancy, birth, and infant factors on the 


Table 1 Details af infants studied 


Median Lower Upper 
quartile quartile 

Gestational age at birth 

weeks 34 33 36 
Birth weight (g) 2146 1714 2460 
Discharge weight (g) 2261 2020 2544 
Total days stay 15 5 24 
Postconceptional age at 

discharge (weeks) 36:3 35 3 37-6 

40 





Postconceptional age 
at discharge {weeks} 
A 
© 








TAA ESE REP os 
26 27 28 29 30 31 32 33 34 35 36 37 
Gestational age at birth (weeks) 


Figure 1 Postconcepnonal age at discharge and 
gestational age at birth. 


When will my baby go home? 


Table 2 Postconcepnhonal age at discharge and gestanonal age at birth 


*To nearest whole day 


Postconcephonal age Geometric mean 95% Confidence 
at discharge (weeks) length of stay (days*) mtervals* 
4] € 123 

40 6 109 

39 6 95 TI to 117 
375 74 58 to 94 
36 I 57 49 to 65 
355 45 39 to 53 
35-1 36 30 to 42 
352 29 23 to 37 
34-9 20 17 to 24 
35:33 16 14 to 19 
352 9 7 to 10 
35-9 7 5 to 8 
369 6 5 to 8 
37-7 5 4to 6 


duration of stay. The variables were analysed 
in a stepwise manner to determine the inde- 
pendent effects of each. The study was con- 
fined to those babies discharged home from 
Hope Hospital; antenatal and postnatal trans- 
fers were excluded. 


Results 

There were 762 preterm survivors discharged 
during the study period. Forty five per cent 
were girls. Median birth weight (quartile 
range) was 2146 (1714-2460) g. Median dis- 


Table 3 Median duration of stay and birth weight 


Birth weight No of babes Metan stay  Quarnle 
Œ (days) range 
<1500 145 44 28-66 
<1000 30 86 65-102 
1001-1250 50 49 37-63 
1251-1500 65 30 22-43 


Table4 Analysis of indnndual factors m relation to 
duration of stay 





R? (5%) p Value 
Mother’s details 25 003 
0-0 0 88 
Heght 00 0 86 
Ethnic group 0-0 0 74 
Previous neonata! deaths* 0-6 0-03 
Previous stilfburth 0i 0:33 
Previous aborton* 0-8 0-02 
Hypertension 0-0 0-94 
Diabetes* 08 0-02 
Parity 1-0 0 06 
Presentation* 1-0 0 02 
No of fetuses 0-0 064 
Birth: 29-9 <0-001 
Birth order 00 0-86 
Mode of delivery 4-2 <0 001 
Trauma” 1-2 9 002 
Asphyxia™ 42 <0-001 
Apgar score at 1, 5, 10 min” 34 <0°001 
Suction grven 01 0 52 
Facial oxygen given 0-0 0 49 
Bag and mask” 08 001 
Naloxone 03 014 
Tracheal mtubanon* 159 <0 001 
Labour (spontaneous Anduced) 08 0-12 
by 48-8 <0-001 
Birth weight (log)* 35-3 <0 001 
Gestational age< 397 <0 001 
Sex 0-1 0 32 
Bruising* 11 0-004 
Fractures 0-0 0 62 
Neurological problems* 103 <0 001 
ecùuons™ 15 1 <0 001 
Metabolic problems” 91 <0 001 
Respiratory problems” 18 7 <0 001 
All 56 6 <0-001 
*p<005 


Rê ıs the percentage of the vanabuility in duration of stay 
explained by a parhcular factor 
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charge weight was 2261 (2020-2544) g. 
Median gestational age at birth was 34 
(33-36) weeks and postconceptional age at 
discharge 36-3 (35-3~-37-6) weeks (table 1). 
Figure I shows mean duration of stay 
expressed in terms of postconceptional age at 
discharge for a given gestational age at birth 
(see also table 2). Median duration of stay was 
15 (5-24) days. For babies weighing less than 
1500 g the median stay was 44 (28-66) days 
and for babies of birth weight less than 1000 
g, 86 (65-102) days (table 3). 

Seventeen factors were strongly predictive 
of duration of stay. These are shown in table 
4. The categories of problems were defined as 
follows. Respiratory: the need for additonal 
oxygen or artificial ventilation; neurological: 
the presence of fits, periventricular haemor- 
rhage, periventricular leucomalacia, or struc- 
tural central nervous system lesions; meta- 
bolic: hypernatraemia (sodium >150 mmol/l), 
hyponatraemia (sodium <130 mmol/l), hyper- 
kalaemia (potassium >7:0 mmol/l), hypogly- 
caemia (glucose <2°5 mmol/l), or severe 
acidosis (pH <7-1). 

Forward stepwise regression analysis of 
these factors against duration of stay identified 
five which remained strongly predictive of dis- 
charge time. This type of analysis takes into 
account the interrelated nature of these peri- 
natal events and prioritises the independent 
contribution of each to duration of stay. 
Gestational age was the most significant factor 
accounting for 40% of the variability and was 
related logarithmically to duration of stay 
(table 5 and fig 2). 

There were 47 sets of twins in the study 
group, 41 of whom were discharged together. 
In six sets there was a delay before discharge of 
the second twin of seven to 19 days. Of the 41 
sets discharged together there was a significant 
disparity of clinical course in 10. The median 
difference in days of intensive care was 6:5 
days (p<0-02 Wilcoxon signed rank sum test) 
for this group compared with 3-5 days for the 
six sets of twins discharged separately (p not 
significant for difference between groups). 


Discussion 
Most babies were discharged at approximately 
the same postconceptional age (36-37 weeks), 


200 


1004 Ë 


10 


Length of stay (days) 


1 
24 26 28 30 32 34 36 
Gestational age at birth (weeks) 


Figure 2 Predicted length of stay and gestanonal age at 
birth with geometric mean and 95% confidence intervals. 
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Tatl 5 Analysis of factors that were strong-y predicnve of discharge date by forward 
SIEDLISE regression 








Raz Factor “6 Vanbrhty of % Cumulattue p Valus 
discharges date vanabihty 
cccounted yor 
l Gestanonal age 29 7 397 <0 0001 
2 Respiratory prob ema 65 46-2 <0 0001 
3 Birth weght (log 44 50 6 <0 0001 
4 Infectors 18 524 <0 0001 
5 Metabol= problems 28 532 <0 0005 
Al other-factors <10 56-6 >0 0l 





which i3 perhaps surprising in view of the varı- 
ation of clinical course. We confirmed that 
babies of lesz than 29 weeks’ gestation tended 
to be discharzed later.’ 

The observed median discharge age in this 
study is earlier than that reported by Lequien 
et al (39 weeks) and Yu et al (40 weeks gesta- 
tional aze equivalent)? but comparable with 
Brooten et af (36 weeks).'° The apparent dis- 
crepancies are not great, however, when the 
populations of babies are compared. In the 
studies cf Lequien et al and Yu et al the babies 
were bern weighing less than 2000 gê or 
below 27 weeks’ gestation.? However there 
was a signiicant difference between the 
observed. duretion of stay and that reported by 
Monset-Coucaard er al in whose study the 
median stay wes 69 days compared with 44 
for very iow Licthweight babies and 109 days 
compared with 86 in Salford babies of less 
than 1009 g Hirth weight.’ This is unlikely to 
be due to diiferences ın the proportions of 
light for dates babies. A higher median dis- 
charge weight df 2627 g (compared with 2261 
g in Salford) was also reported in keeping with 
the longer duration of stay. The study of Ryan 
et al reporting en average stay of 48 days for 
‘babies weighing less than 1000 g includes 
deaths and is mot comparable.!° 

The lower postconceptional age at dis- 
charge seen in Salford babies probably reflects 
the functional rather than structural discharge 
dolicy,? whick depends upon continuing 
ome superviston by community special care 
mnidwives.-® 

The most pcwerful single predictive factor 
of length of stay was the gestational age. The 
logarithmic relationship with total days of stay 
anplies thet the problems encountered by the 
more premature baby do not increase in a lin- 
gar way with earlier gestation at delivery. It 
eppears to be exponentially more difficult to 
look after such a baby for every arithmetic 
zecrease in gestation. However gestational age 
also subsumes maost of the confounding delay- 
ing factors, namely the presence of neurologi- 
cal problems, tke need for prolonged ventila- 
tion, or extremely low birth weight. Although 
these factors did have an independent influ- 
ence on duratior of stay in that light for dates 
babies with respiratory difficulties and septi- 
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caemia were discharged a little later than 
those without these problems, the additional 
contribution to the variation in discharge date 
is small. 

This fact is underlined by the twins in the 
study. Although there may be a bias to dis- 
charge twins on the same day for ease of 
parental visiting, only six out of 47 sets were 
discharged separately. These six showed a 
smaller variation in clinical course than the 
majority in whom differences of up to 19 days 
intensive care were noted. 

Despite analysis of 31 perinatal factors, 
43% of the variability in discharge date 
remains unexplained, It is likely that some of 
this variability will be related to a combination 
of genetic and socioeconomic factors. It was 
not possible to analyse these factors directly 
but examination of related variables namely 
age, parity, and a history of previous perinatal 
death demonstrated a contribution to dura- 
tion of stay of less than 1%. 

A preterm baby of more than 28 weeks’ 
gestation is likely to be discharged at approxi- 
mately 36-37 weeks’ postconceptional age 
irrespective of perinatal history. The postcon- 
ceptional age at discharge of more preterm 
babies approaches term. Gestational age is the 
strongest predictor of discharge date. 
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Intermittent ductal patency in healthy newborn 
infants: demonstration by colour Doppler flow 


mapping 


M K Lim, K Hanretty, A B Houston, S Lilley, E P Murtagh 


Abstract 

Colour Doppler flow mapping was used 
to determine the time of closure of the 
arterial duct in 51 healthy newborn 
infants. Initial time of closure corre- 
sponded with previous reports: 20%. on 
the first day, 82°. by the second day, 96% 
by the third day, and 100% by the fourth 
day. Twenty infants were delivered by 
caesarean section and followed up for 
seven days even if the duct had appar- 
ently closed; in six intermittent patency 
was demonstrated with flow in the third, 
fourth or fifth day, although earlier func- 
tional closure had been observed. All 
were found to be closed on the sixth and 
seventh days. It is necessary to be aware 
of the phenomenon of intermittent 
closure in any study determining or 
assessing the effect of any intervention on 
ductal patency. 


(Arch Dis Child 1992,67:1217-8) 


Doppler echocardiography has demonstrated 
that ın healthy term newborn infants function- 
al closure of the arterial duct occurs later! 
than previously had been reported.? Colour 
Doppler flow mapping provides a sensitive 
and accurate tool to detect flow through a 
very small arterial duct® which might be 
missed by spectral Doppler echocardiography 
if an arduous and careful search is not carried 
out.’ We undertook a colour Doppler study of 
the timing of ductal closure in 1987 but did 
not report it as Reller et al did so before us. 
However, with colour Doppler techniques we 
observed intermittent ductal patency in the 
first week of life which has not been taken into 
account in other reports. As reported infor- 
mation on closure is becoming accepted as 
definitive, we considered it appropriate to 
report findings on ductal reopening. This 
should amplify and clarify the data on timing 
of ductal closure and ensure that misconcep- 
tions do not arise. 


Subjects and methods 

Fifty one newborn infants, born at term with a 
birth weight appropriate for gestational age, 
were studied. Thirty one were delivered by 
spontaneous vaginal delivery and 20 by lower 
segment caesarean section. There was no 
statistical difference in gestational age, sex, 
and birth weight between the two groups. All 
had normal Apgar scores at birth, and no 
clinical signs of cardiovascular abnormality or 


evidence of respiratory distress. Maternal con- 
sent was sought before the infant’s inclusion 
in the study protocol. Newborn infants deliv- 
ered by caesarean section stayed for at least 
seven days in the postnatal ward. 

A Vingmed 700 system with a 5 MHz 
transducer was used for the ultrasound 
studies. Standard high parasternal short axis 
and suprasternal views were obtained to 
attempt to iumage the arterial duct and to 
assess its patency with colour Doppler map- 
ping. 

All infants were studied within the first 24 
hours of birth and subsequently at approxi- 
mately 24 hourly intervals. The 31 delivered 
by vaginal delivery were studied only until 
ductal closure occurred. The 20 delivered by 
caesarean section remained in hospital longer 
and it was possible to study them daily for the 
first seven days of life. 


Results 

Studies were made each day and the cumula- 
tive total number of infants in whom initial 
ductal closure had occurred was observed as 
follows: first day (5-23 hours) in 20% (10 
of 51); second day (27-47 hours) in 82% (42 
of 51); third day (51-71 hours) in 96% (49 
to 51); fourth day (75-91 hours) in 100% (all 
51). The mode of delivery had no apparent 
effect on the timing of initial ductal closure 
(y?=2-06; 0:-5>p>0:1). 

Six of the 20 infants studied for seven days 
showed intermittent patency of the duct with 
flow again being demonstrated on the third, 
fourth, or fifth day, although initial functional 
closure had occurred (table). Colour Doppler 
maps showed that all the infants had closed 
ducts on the sixth day and they remained 
closed when observed for a further 24 hours. 

Two small muscular trabecular ventricular 
septal defects were detected by Doppler scan. 
These infants did not have a murmur during 
their hospital stay (three and seven days). The 


Intermittent patency of ductus artenosus m healthy term 
newborn tnfants 
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infant discharged at three days developed one 
which is still present at 4 years of age while 
the other has never had a murmur although 
flow can still be demonstrated at 4 years of 
age. 


Discussion 

Sherman and ‘ann noted that without colour 
flow mapping the Doppler detection of a 
small ductal jet can require an arduous 
search.’ Colour Doppler mapping simplifies 
the demonstretion of ductal flow and is such a 
sensitive techa.que that in older patients we 
have found thar Doppler demonstrates even a 
tiny arterial dict which cannot be recognised 
clinically.© The observation of a ventricular 
septal defect which was inaudible in a child 
followed up to the age of 4 years adds further 
credence to the concept of minor cardiac 
defects wtuch cannot be recognised by clinical 
examination. This may indicate that the inci- 
dence of corgenital heart defects is higher 
than previous-y reported. 

Our findings of timing of initial functional 
ductal closure are similar to previous reports 
using spectral or colour Doppler scans. 
Initial furcticral ductal closure occurred in 
the major-ty of patients by the second day of 
life and in all ty the fourth. However, in pre- 
vious reports cbservations were discontinued 
after initial ductal closure was noted. Our 
study has demonstrated reopening of the arte- 
rial duct in 30%% of patients (6/20) in whom 
patency was monitored for seven days. The 
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mode of delivery was found not to affect the 
initial timing of ductal closure! and this was 
confirmed in our patients. We have no reason 
to believe intermittent ductal patency should 
be confined to patients delivered by caesarean 
section. 

The timing of normal ductal closure is of no 
clinical relevance in the normal infant. 
However, it may become important in studies 
assessing the effect of any intervention on 
ductal closure. Our observations suggests that 
final closure in newborn infants may occur 
later than previously reported. The possibility 
of intermittent ductal patency has not been 
monitored in previous reports but we consider 
that it is essential to take this into account in 
any future study which reports on the timing 
of ductal closure. 


1 Gentile R, Stevenson G, Dooley T, Franklm D, Kawabon I, 
Pearlman A. Pulsed Doppler echocardiographic determi- 
nation of ume of closure in normal newborn infants 
F Pediatr 1981;98:443-8. 

2 Reller MD, Ziegler ML, Rice MJ, Solin RC, McDonald 

RW Duranon of ductal shunting in healthy preterm 
infants: an echocardiographic color flow Doppler study. 
J Pehatr 1988,112:441-6. 

3 Drayton MR, Skdmore R Ductus artenosus blood flow 
during first 48 hours of life Arch Dis Child 1987362: 
1030-4. 

4 Mandorla S. The ductus arteriosus m healthy newborn 
infants studied by continuous Doppler guided by two- 
dimensonal Doppler color echocardiography G Ital 
Cardiol 1990,20:705-~12 

5 Moss AJ, Emmanouilides GC, Duffie ER. Closure of the 
ductus arteriosus in the newborn mfent, Pedames 
1963332 25 

6 Houston AB, "Decor sas JP, Lim MK, Dog WB, 
Coleman EN ultrasound and silent ductus arte- 
riosus. Ds eae ep 19913;6:97—9 
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Neonatal meningococcal conjunctivitis associated 
with meningococcal meningitis 


M Ellis, A M Weindling, D C Davidson, N Ho, V Damjanovic 


Abstract 

Two infants are described in whom iden- 
tical strains of meningococcus were iso- 
lated from both the eyes and the cere- 
brospinal fluid. This suggests that the eye 
may be a portal of entry in at least some 
cases of perinatally acquired neonatal 
meningococcal disease and has important 
implications for the management of 
perulent conjunctivitis in the newborn. 


(Arch Dis Child 1992;67:1219-20) 


Around 12000 babies are born each year in 
the three maternity hospitals in Liverpool. 
Over the last five years we have encountered 
two babies who developed meningococcal 
conjunctivitis before developing meningo- 
coccal meningitis. We describe these infants 
here first, as a reminder to clinicians not to 
underestimate the potential seriousness of 
neonatal conjunctivitis, and second, because 
these cases demonstrate a possible mechan- 
ism for the development of meningococcal 
meningitis. 


Case reports 

CASE 1 

This baby girl was born at term by assisted 
vaginal delivery to a healthy 19 year old primi- 
gravida woman after an uneventful pregnancy. 
The amniotic membranes were ruptured arti- 
ficially 12 hours before delivery. At birth the 
infant was in good condition (Apgar score 9 at 
i minute) and weighed 3500 g. 

On the second day the left eye became 
inflamed and a swab was taken for bacterio- 
logical culture before applying neomycin eye- 
drops. At 60 hours of age she had a gen- 
eralised seizure lasting 30 seconds and signs 
of meningism developed. The lumbar cere- 
brospinal fluid was purulent with a white 
cell count 3040/mm? with numerous Gram 
negative diplococci. The infant was treated 
with cefotaxime and ampicillin for 14 days 
and anticonvulsant therapy for two weeks. 
She subsequently made an uncomplicated 
recovery. 

The mother became unwell on the same 
day as her child with a fever and lower 
abdominal discomfort. A high vaginal swab 
was taken from her, and nose and throat 
swabs taken from the immediate family. She 
was first given a course of intravenous 
metronidazole and cefuroxime and, after iden- 
tification of the organism, both parents 
received rifampicin. 


Nassera menmgitidis group C type 2a was 
cultured from the infant’s eye swab, blood, and 
cerebrospinal fluid as well as from the mother’s 
vaginal swab and the father’s throat swab. 


CASE 2 

This boy was born at 37 weeks’ gestation to a 
healthy 18 year old primigravida woman after 
an uneventful pregnancy. The amniotic mem- 
branes were ruptured artificially eight hours 
before delivery. Diminished beat-to-beat 
variability of the fetal heart rate developed 
during the first stage of labour. The infant 
was born in poor condition weighing 2900 g 
and required resuscitation but not ventilation. 
The Apgar scores were 4 at 1 minute, 5 at 
5 minutes, and 8 at 10 minutes. At 12 hours 
of age he had a brief generalised seizure last- 
ing 20 seconds from which he immediately re- 
covered and remained completely well for the 
next two days. 

On day three he developed a purulent bi- 
lateral eye discharge from which swabs were 
taken and neomycin eye ointment com- 
menced. By 72 hours of age he was handling 
less well with poor peripheral perfusion and 
increasingly abnormal jerky movements. 
Lumbar puncture yielded cloudy cerebro- 
spinal fluid with a white cell count of 
146/mm? with profuse Gram negative 
diplococci. The C reactive protein rose from 
30 ug/l on day 3 to 145 ug/ on day 4. 

The infant received a seven day course of 
benzylpenicillin and cefotaxime and was treat- 
ed with various anticonvulsants before the 
seizures came under control. After the finding 
of Gram negative diplococci in the infant’s 
cerebrospinal fluid a high vaginal swab was 
taken from the mother, who had remained 
well, and throat swabs were taken from the 
immediate family members. They were all 
treated with rifampicin as prophylaxis. 

N meningitts group W 135 type P16 was 
subsequently cultured from the eye swab, 
blood, and cerebrospinal fluid of the infant. 
On this occasion the mother’s vaginal and 
throat swabs failed to yield the organism. 


Discussion 

Neonatal meningococcal meningitis is rare. 
In 1988 Chugh et al reviewed 35 cases that 
had been reported since 1911,! and only three 
cases were found in a retrospective study of 
280 cases of neonatal bacterial meningitis.” 
Two cases of neonatal meningococcal men- 
ingitis associated with maternal carnage of an 


identical organism in the birth canal have 
previously been reported.’ * In both cases the 
infant died. Case 1 therefore constitutes 
to our knowledge the third (and first re- 
ported surviving) case infected in these 
circumstances. 

It is Ekely that asymptomatic carnage of the 
meningococcus in the genitourinary tract is 
increasing. A screening programme for gonor- 
rhoea in New York in 1975 identified a rising 
incidenze of N mentmgitidis isolated from the 
genitourinary tract.? Another North American 
study found the 1-2% of all urethral isolates 
of neiss2ria were non-gonoccoccal.* 

There are biological similarities between 
Neisseria gonorrhoeae and N menmgindis. 
Gonoccccal meningitis in neonates associated 
with gonococcal ophthalmia neonatorum has 
been described, and meningococcal conjunc- 
tivitis associated with meningitis in a 7 month 
old infant has been reported. A 13 day old 
infant who died of meningococcal septicaemia 
twe davs after developing a meningococcal 
conjunctivitis has also been reported, but in 
that case the cerebrospinal fluid was sterile. 

Meningococcal conjunctivitis presented on 
days 2 and 3 in the two cases reported here. 


Elis, Wetndhng, Davidson, Ho, Damjanovtc 


Within 24 hours both infants suffered a 
marked clinical deterioration accompanied by 
generalised seizures and bacteriologically con- 
firmed meningococcal meningitis. This sug- 
gests that the eye may have been the portal of 
entry after intrapartum contamination with 
the organism. 

These two cases demonstrate that the 
neonate is vulnerable to less pathogenic 
strains of N meningitidis which can be found ın 
the birth canal. Swabs from purulent neonatal 
conjunctivitis should be immediately exam- 
ined by Gram staining. If Gram negative 
diplococci are demonstrated, parenteral 
antibiotic treatment 1s advisable until culture 
identification is available. 


1 a K, ppa CK, Joshi KK. Meningococcal bram 
menmgitis in a neonate. Pediatr Infect Dis 
1988, T: 136-7, 
2 Mulder CJJ), Zanen HC A study of 280 cases of neonatal 
meningitis in the Netherlands. 7 Infect 1984,9: 177-84 
3 Sunderland WA, Hams HH, Spence DA, Lawson HW 
Meinmgococcaemia m a newborn infant whose mother 
had meningococcal meningitis F Pediatr 1972,81:856 
4 Jones RN, Slepack J, Eades A. Fatal neonatal meningo- 
coccal meningitis JAMA 1976,236:2652-3 
5 Faur YC, Weisburd MH, Wilson ME Isolation of neissena 
meningitidis from the genitourmary tract and anal canal 
F Chun Microfiol 1975;2:178-82 
6 Holmberg L, Moestrup T Meningitis following conjunc- 
avins F Pediatr 1974,94:339 
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Development of audit measures and guidelines for 
good practice in the management of neonatal 
respiratory distress syndrome 


Report of a Joint Working Group of the British Association of Perinatal Medicine and the 
Research Unit of the Royal College of Physicians 


Neonatal respiratory distress syndrome (RDS) 
is a condition of increasing respiratory distress, 
commencing at, or shortly after, birth and 
increasing in severity until progressive resolu- 
tion occurs among the survivors, usually 
between the 2nd to 4th day. It is due, at least in 
part, to insufficiency of pulmonary surfactant 
and is mainly confined to preterm infants with 
imperfect cardiopulmonary adaptation to 
extrauterine life. In extremely immature infants 
severe under development of respiratory archi- 
tecture contributes to the pathophysiology of 
the condition. The syndrome 1s manifest by 
respiratory distress (cyanosis, tachypnoea, 
grunting, and recession) and respiratory failure 
is diagnosed by blood gas analysis. Diagnosis is 
usually confirmed by an x ray film (ground 
glass appearance and air bronchograms), but 
these radiological features are not patho- 
gnomonic of RDS. 


Aims of the working group 

Audit of clinical practice requires an assess- 
ment of how personal practice measures up 
to certain defined standards. It is of course 
necessary for these standards (or audit mea- 
sures) to be agreed beforehand by those con- 
ducting the audit. Agreement on appropriate 
audit measures may be reached locally, but for 
certain conditions such as neonatal RDS there 
are advantages in using audit measures which 
can be applied nationally. This is a sound 
basis for producing comparative data and it 
should also theoretically lead to uniform 
improvements in standards nationally. 

A Joint Working Group of the Research 
Unit of the Royal College of Physicians and 
the British Association of Perinatal Medicine 
devised the present guidelines. Members of 
the working group are listed at the end of the 
paper. The working group met on the 22nd 
November 1990. Background papers were cir- 
culated before the meeting so that there was 
sufficient time for discussion and for develop- 
ment of the proposed audit measures. 
Statements of good practice are, wherever 
possible, supported by references to pub- 
lished trials of good design or meta-analyses. 
There were areas recognised where further 
research is required to clarify certain areas. 
These are listed in appendix A. Points of 


clinical practice suitable for audit are listed at 
the end of this paper (appendix B). In some 
instances the working group agreed that a 
course of action was appropriate, even if there 
was no published evidence to support it. These 
statements are followed by a (C) for consen- 
sus. The purpose of this document 1s to de- 
velop audit measures for the prevention and 
management of RDS. The audit measures rec- 
ommended reflect ‘good practice’ based on a 
consensus view of the working group. It was 
not the aim of the working group to produce a 
detailed account of the “best way’ of managing 
or preventing RDS. There are too many areas 
of uncertainty and often little evidence to sug- 
gest that one approach to management is better 
than another. 

These guidelines are recommended for good 
practice in all obstetric units and neonatal 
units offering intensive care to babies with 
RDS. 

Clinical guidelines are published as they 
may help doctors by providing an analytical 
framework for the evaluation and treatment of 
some common clinical problems. They are 
not intended to replace a doctor’s clinical 
judgment, and are not necessarily the only 
way in which a particular condition can be 
managed. They do, however, provide a frame- 
work within which audit and review of clinical 
practice can take place. The guidelines reflect 
the views of the individual clinicians who 
attended the workshops. 


Guidelines for prenatal management 

The vast majority of babies who develop RDS 
do so because they are born preterm. Preterm 
delivery occurs either because of the unantici- 
pated and unplanned onset of preterm labour, 
or as the result of an obstetric decision to 
intervene, either because the mother is con- 
sidered to be at risk, or more commonly, 
because of the belief that the risks to the fetus 
of remaining in utero are greater than the risks 
of being born too soon. 

Every obstetric unit must have a clear pro- 
tocol for the management of preterm labour. 
There have been no randomised controlled 
trials comparing antenatal with neonatal refer- 
ral to centres that can provide intensive peri- 
natal care, but the working group’s view is 


that delivery should occur in a hospital where 
there are obstetricians experienced in manag- 
ing the problems of preterm labour and deliv- 
ery and where staff are experienced in neona- 
tal resuscitaticn (Co. 

All obstetric units should have specific 
guidelines for antenatal transfers of women 
with pregnancies at above average risk. The 
assessment of the extent of the risk to the 
fetus of remaining in utero requires the appro- 
priate applicetion of antenatal investigative 
techniques and this may necessitate in utero 
transfer to terciary referral units. On occasion, 
in utero transer may be deemed to be unsafe, 
and therefore every district general hospital 
should have facilities available for the safe 
management of the labour, for safe delivery of 
the baby, ana for adequate resuscitation and 
care of the infant until the baby can be trans- 
ferred to a more appropmate centre. Each 
regional heal-h authority should designate 
regional or stbregional units which can pro- 
vide expertise in the management of preterm 
labour, transfr of the infant, and neonatal 
intensive care 


CERVICAL CERWLAGE 

In some specific circumstances cervical cer- 
clage has been shown to reduce the risk of 
very preterm delivery. Women who have had 
three or more second trimester miscarriages 
and/or preterm delrveries without obvious rea- 
30n are particalarly likely to benefit from cer- 
vical cerclage in a subsequent pregnancy.” 
This form of treatment has not, however, 
been shown tc reduce the risk of RDS. 


ASYMPTOMATIC BACTERTURIA 

Meta-analysis of the 12 well controlled clini- 
cal trials indicate that antibiotic treatment of 
asymptomatic bacteriuria reduces the risk of 
preterm delivery by about 40%.’ There are no 
published data demonstrating that this also 
reduces the rsk of RDS. Routine screening 
for asymptormetic bacteriuria at a stage in 
pregnancy (that is 18-21 weeks) where appro- 
priate antibiocic treatment will be likely to 
prevent the imfant from being born severely 
preterm may be beneficial in the prevention of 
RDS aithougk this is not proved. 


B-MLMETICS 

An overview of 15 well controlled trials of 
B-mimetics ir preterm labour demonstrates 
unequivocally that delivery can be delayed, 
and that this delay is reflected in a reduction 
in the inciderce of preterm delivery and low 
birth weight.* Unfortunately, there is no evi- 
dence that ths is translated into a beneficial 
effect in reducing the severity of neonatal res- 
piratory probl=ms,* although a moderate, and 
clinically important beneficial effect on the 
incidence of RDS cannot be ruled out. B- 
mimetic treatment in preterm labour seems 
most likely to be beneficial when time gained 
before delivery can allow other effective mea- 
sures to be implemented. These include trans- 
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fer of the mother to a centre with appropriate 
facilities for intensive care of the mother and 
baby and/or the administration of antenatal 
steroids (see below). The working group 
considers that the evidence is such that B- 
mimetics be considered in preterm labour to 
allow other effective management to be 
undertaken. In view of rare serious side effects 
such as pulmonary oedema, contraindications 
include women with cardiac disease, hyper- 
thyroidism, or diabetes. 


CORTICOSTEROIDS 

Overviews of the results of 12 controlled trials 
provide clear evidence that corticosteroid 
administration to women at increased risk of 
early delivery significantly reduces the risk of 
RDS by about 50%.° The overviews clarify 
that the reduction in the odds of developing 
the syndrome is independent of gender and 
gestational age.’ The greatest benefit in 
respect of RDS is seen when the time interval 
between the start of treatment and delivery 1s 
more than 24 hours and less than seven days. 
Nevertheless, some babies born before or after 
this optimal time interval still appear to derive 
benefit. The place, if any, for examination of 
amniotic fluid for an lecithin:sphingomyelin 
(L:S) ratio or equivalent test of surfactant 
production is unclear. 

The working group recommends that either 
betamethasone or dexamethasone be given 
twice a day for two days by intramuscular 
injection to all women where the baby is likely 
to be delivered before 32 weeks of gestation. 
High risk pregnancies beyond 32 weeks of 
gestation may also benefit from antenatal cor- 
ticosteroids. We suggest that the same criteria 
be used where there is prolonged rupture of 
the membranes, but in these cases the clini- 
cians must be particularly vigilant for any evi- 
dence of infection in both the mother and/or 
fetus. If infection is strongly suspected, anti- 
biotic treatment should be started rapidly and 
delivery expedited. 

Contraindications to antenatal cortico- 
steroids are maternal thyrotoxicosis, cardio- 
myopathy, and active maternal infection or 
chorioamnionitis. The effect of steroids on the 
fetuses of diabetic mothers is unclear, but we 
do not believe there is a definite contra- 
indication in this particular case providing 
care is taken to correct the effect of the corti- 
costeroid on the mother’s blood glucose. 


MODE OF DELIVERY 

Delivery by caesarean section may be associ- 
ated with a higher msk of RDS than vaginal 
delivery. Where there is a choice in the mode 
of delivery, the working group believes that 
in the absence of more reliable data from 
properly controlled trials, caesarean delivery 
should be the exception rather than the rule, 
because of the known risk to the mother (C). 
This should apply both to the fetus presenting 
by the breech as well as the fetus with cephalic 
presentation. Where caesarean section is nec- 
essary, lower segment section may prove very 


traumatic to the small infant and ın such cir- 
cumstances ready recourse to upper uterine 
segment incision should be considered, and 
the implications of this discussed with the 
mother beforehand. 


Guidelines for resuscitation 

It is most important that any baby at risk of 
RDS should be born in a hospital that has the 
facilities and expertise to resuscitate and sup- 
port the infant until transfer can be arranged 
to a referral centre (C). All relevant medical 
and midwifery staff should have a period of 
formal and practical training in neonatal 
resuscitation and this level of training should 
be regularly maintained. This includes instruc- 
tion on endotracheal intubation for those with 
a regular responsibility for resuscitation as 
part of their normal duty. Others should be 
trained in the safe use of a bag and mask. 
With reference to RDS, it is particularly 
important to train staff in the resuscitation of 
infants of below 30 weeks’ gestation. A writ- 
ten resuscitation protocol should be given to 
all relevant personnel. 

Important goals for effective resuscitation 
include the need to avoid the infant becoming 
cold,’ 8 the need to give active respiratory sup- 
port to an infant who is not breathing,’ t° to 
oxygenate the mfant adequately,!! and to 
maintain an appropriate blood glucose con- 
centration. !? 13 


ROUTINE INTUBATION 

Unfortunately, there is a lack of fundamental 
data from physiological studies with which to 
formulate further guidelines for effective 
resuscitation of infants at risk of RDS. 
Although it is clear that the infant’s airway 
should be stabilised from the first breath, fur- 
ther research needs to be done to establish the 
best method for doing this. There is no good 
evidence that babies (including very pre- 
mature ones) who are breathing effectively at 
birth benefit from routine intubation and 
positive pressure ventilation. Intubation should 
be performed if the infant is cyanosed or mak- 
ing inadequate respiratory efforts. 

If an infant requires intubation, the inspir- 
atory pressure should be high enough to appro- 
priately move the chest wall and these pressures 
may need to be as high as 30 cm H,O or more 
(C). In general, the lowest pressure which will 
effectively move the chest should be chosen. 


EARLY CONTINUOUS POSITIVE AIRWAY 
PRESSURE (CPAP) 

The role of early CPAP by either nasal prong 
or face mask immediately after resuscitation of 
premature infants at risk of RDS remains con- 
troversial and further controlled clinical trials 
are required to resolve this. 


Guidelines for ventilatory management 
All infants at risk of RDS should be closely 
monitored for clinical and blood gas evidence 
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of respiratory failure. Each unit that under- 
takes long term (>24 hour) care of these 
infants should have at least one consultant 
paediatrician with an up to date knowledge of 
the principles of mechanical ventilation and 
who should be responsible for providing a 
clear respiratory management protocol for all 
the staff working on that unit. Particular 
attention must be paid to the provision of 
modern neonatal ventilators (see below) and 
efficient humidification systems. 


VENTILATION TECHNIQUES 

There is no consensus view on the ventilator 
management of RDS and two basic methods 
exist which can be referred to as slow rate and 
fast rate. The slow rate method aims to start 
babies on the ventilator at rates of 30-40 
breaths per minute (bpm) with peak inspira- 
tory pressures (PIP) of 20-25 cm H,O and 
initial inspiratory to expiratory (I:E) ratio of 
up to 1:1. If the baby shows deteriorating lung 
disease and changes in the ventilator settings 
are thought necessary, either increase of the 
LE rato (making the mspiratory time longer 
than the expiratory) or increasing PIP may be 
appropriate. High inspired oxygen concentra- 
tions are used if required and the PIP should 
be the lowest setting compatible with satisfac- 
tory blood gases.!4 

The fast rate method commences ventila- 
tion at about 60 bpm and may increase to 120 
bpm if the baby 1s breathing at a faster rate 
than the ventilator. The expiratory time should 
exceed the inspiratory time to prevent in- 
advertent alveolar overdistension, and inspira- 
tory times should be limited to a maximum of 
0-5 sec throughout the duration of mechanical 
ventilation.!> There is no evidence to suggest 
that the use of ventilation rates above 150 
bpm or oscillatory ventilation techniques are 
of benefit (C). 

It 1s essential to use appropriate modern 
mechanical ventilators which are designed for 
use in preterm infants. The role for patent 
triggered ventilators is as yet not clear. 


THE INFANT'S RESPIRATORY ACTIVITY 

‘Fighting the ventilator’ or breathing out of 
phase with the mechanical ventilator is agreed 
to be a risk factor for a variety of complica- 
tons such as pneumothorax and intraven- 
tricular haemorrhage (C). It is probably 
impossible to recognise every baby with this 
pattern of respiratory interaction by simple 
techniques, but it is apparent in many babies 
by either close observation of the chest wall or 
looking for excessive beat-to-beat variability 
(>10%) on examination of the blood pressure 
trace measured directly from an indwelling 
arterial catheter/cannula (C). Hypovolaemia 
must also be considered as the cause of exces- 
sive beat-to-beat variability in the trace. 

There is no proved policy for the manage- 
ment of this problem, but the baby’s need for 
ventilation should be reviewed. If continued 
mechanical ventilation 18 considered neces- 
sary, then sedation may reduce the babies res- 


piratory activitr or a non-depolarising muscle 
blocker sho.ld be used. Alternatively the ven- 
tilator rate can. be increased to ‘capture’ the 
respiratory rate of the baby to achieve syn- 
chrony betweez. the baby’s breathing and tke 
ventilator. IZ a non-depolarising muscle relax- 
ing agent is used, the ventilatory requirements 
of the baby may change and this must be 
anticipated. 


BLOOD GAS MONITORING 

There are two main reasons for monitoring 
blood gases. Firstly, as a guide to the need for, 
and the lewel of, ventilatory support and 
secondly to minimise the risk of retinopathy of 
prematurity. Unfortunately, there are no 
agreed guidelines as to what arterial oxygen 
zension (Pao,) levels are safe in the prevention 
of this condition in very premature infants. It 
:s therefore impossible to state ‘normal’ limits 
tor pH or b.ood gas variables. The frequent 
monitoring cf blhod gases is, however, essen- 
tial during the acute stages of RDS to assess 
the need for or effect of respiratory support. 
This is mosr reliably achieved through um- 
bilical artery catheterisation or by indwelling 
peripheral arterial cannulae. Monitoring of 
oxygen by arterial sampling from an indwelling 
erterial catheter is the ‘gold standard’ mea- 
surement an: continuous monitoring by a 
catheter tip oxygen sensor is optimal. Alter- 
ratively, non-invasive methods such as the use 
cf transcutameous oxygen or carbon dioxide 
tension monirors or pulse oximetry should be 
available to detect trends, but should only be 
used in conjunction with blood sampling, bal- 
ancing the known hazards associated with pro- 
longed intravascular monitoring against the 
probable (bur ill defined) increased risks of 
retinopathy cf prematurity in very preterm 
babies subjected to high preductal arterial oxy- 
gen pressures in the first weeks of life. Pulse 
oximetry may be a useful guide to oxygenation 
daring neonetal transport, but appropriate 
levels of arterial oxygen saturation (SaO,) have 
not yet been agreed. Acceptable levels for Sao, 
of 85-93% haye been proposed, but errors in 
the technique of measurement are potentially 
great and oximetry cannot be used as the only 
form of monitorinz arterial oxygen levels in the 
eerly phases of RES. 

There is agreement on the following blood 
ges values (C) 

pH: Avoid arterial pH levels <7-2. When 
cellular metabolic function is likely to be com- 
promised aim to maintain pH at 7:25 or 
above. 

Pao; The recommended range is 6-10 
kPa. The lower acceptable limit of Pao, in an 
inant with RDS may be lower than this pro- 
vided oxygen delivery to the tissues is ade- 
juate as judged by haematocrit, peripheral 
perfusion, and bas= excess. 

Paco; More important than the Paco, 
‘evel is the pH and in general terms if this is 
maintained atove 7:25 then the Paco, is 
orabably acceptable. Unless there is a specific 
-eason for indtcing hypocarbia the lower limit 
of Paco, should be maintained above 5 KPA. 
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PHYSIOTHERAPY 

There is no evidence to support the practice of 
routine physiotherapy and suction especially in 
the first 24 hours of life in an infant with RDS 
and these procedures may be hazardous (C). 


ENDOTRACHEAL TUBES 

There is no definite evidence that shouldered 
endotracheal tubes are associated with either 
greater or fewer complications than straight 
tubes. 


Guidelines for the use of surfactant 
treatment 

The use of surfactant treatment in RDS has 
been shown to reduce the risk of death from 
the disease. Meta-analyses of 34 randomised 
controlied trials of surfactant replacement 
comprising over 6000 babies show significant 
reductions in the risk of neonatal death both 
when the surfactant is given early (prophy- 
lactically) and when used for established RDS 
(rescue treatment).!®° These analyses show 
conclusively that surfactant treatment also 
reduces the risk of pneumothorax. 

It is not yet clear whether prophylactic 
administration has any advantage over rescue 
treatment and this issue is currently being 
addressed in randomised controlled trials. 
Pending the results of these studies, the work- 
ing group recommends that surfactant should 
be given as rescue treatment because this is 
less expensive. There 1s currently a major 
study being conducted on costing of surfac- 
tant throughout the UK and more accurate 
information will shortly become available. 

Further research must be undertaken to 
establish whether synthetic or natural forms of 
surfactant are more effective, and their 
efficacy in infants below 26 weeks’ gestation.!” 
A further unresolved question is whether sur- 
factant is cost effective in infants over 31 
weeks’ gestation particularly when given pro- 
phylactcally.'8 19 The answers to these ques- 
tions will be obtained by further well designed 
controlled studies and participation of indi- 
vidual units in these trials is to be encouraged. 

Surfactant should be given by practitioners 
who are aware of the short and long term risks 
of the treatment (related to rapid changes in 
both respiratory and cardiovascular function) 
so that rapid changes ın physiological state 
can be detected and acted upon in a neonatal 
intensive care environment. 


Complications of RDS and guidelines for 
their prevention 

The presence of RDS increases the risk of 
complications in other systems including 
brain (periventricular haemorrhage and/or 
Jeucomalacia), bowel (necrotising entero- 
colitis) and circulation (hypotension, patent 
ductus arteriosus). The working group 
believes that the risk of at least some of these 
complications may be reduced by ensuring 
gentle delivery, rapid and effective resusci- 
tation, avoidance of hypothermia, hypo- 
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glycaemia, and hypoxaemia (C). Acidosis 
should be investigated in order to identify 
underlying causes which may need treatment 
in their own rights. Severe acidosis should be 
corrected. A bolus injection of sodium bicar- 
bonate may cause rapid changes in serum 
osmolality and is to be avoided. Slow correc- 
tion, over an hour or two, is usually preferable. 


CARDIOVASCULAR STABILISATION 

It is essential to monitor blood pressure so 
that hypotension can be promptly recognised, 
its cause assessed, and appropriate treatment 
offered. Facilities for intravascular blood pres- 
sure monitoring should be available, but non- 
invasive blood pressure measurement using 
the Doppler technique may give a reliable 
estimate of systolic pressure. Further studies 
of the normal range of blood pressure in very 
premature infants are needed, but at the pre- 
sent time the working group agrees that a 
mean arterial blood pressure equivalent to the 
gestational age in weeks is adequate as a mini- 
mum value (C). 

Hypotension should be treated initially with 
colloid or blood if there is the possibility of 
hypovolaemia (C). The effectiveness of 
inotrope infusion in the preterm newborn has 
not been proved, but a starting dose of 
dopamine 10 g/kg/min may be needed in the 
preterm neonate as they are relatively resistant 
to this form of treatment. Its use must be 
avoided in the presence of hypovolaemia. 


BRAIN 

Preterm cerebral injury (periventricular haem- 
orrhage or leucomalacia) 1s to some extent 
related to perturbations of cerebral haemo- 
dynamics.*° In particular, prevention of the 
infant fighting the ventilator may reduce the 
risk of periventricular haemorrhage,”! but fur- 
ther studies are necessary to assess the effects 
of sedation and muscle relaxation both on the 
reduction in frequency of intracranial lesions 
and thetr effects on the cerebral circulation. 


DELAYED CLOSURE OF THE DUCTUS 
ARTERIOSUS 
When the infant is requiring mechanical vent- 
lation for RDS and there is evidence of a 
patent ductus arteriosus with significant left to 
right shunt (diagnosed either clinically or with 
ultrasound), indomethacin should be given 
and preferably before congestive cardiac fail- 
ure occurs.?? 23 Treatment should also be con- 
sidered for non-ventilated infants requiring 
oxygen who show signs of a large left to right 
shunt diagnosed clinically or with ultrasound. 
Indomethacin given intravenously may be 
associated with reduction in blood flow to 
brain,** 2° kidneys and bowel,?° 2” but this 
does not appear to cause clinical problems. 
The optimal dosage schedule is not clear and 
this requires further chnical studies. The 
working group believes that either three doses 
of 0-1 mg/kg every 12 hours or 0-2 mg/kg/day 
for three days is effective (C). A platelet 
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count of <100x10°A, significant coagulation 
impairment, and renal dysfunction are impor- 
tant (but not necessarily absolute) contra- 
indications to indomethacin treatment. If 
closure of a significant ductus arteriosus has 
not been achieved medically surgical ligation 
by an experienced surgeon should be con- 
sidered (C). 


NECROTISING ENTEROCOLITIS 

There are few objective data to suggest that 
the risk of necrotising enterocolitis can be 
reduced by alterations in the management of 
RDS. The working group agrees that the risk 
of necrotising enterocolitis can be minimised 
by avoidance, or rapid treatment, of shock 
and by the practice of general measures to 
maintain homoeostasis (C). 

Adequate nutrition 1s an important part of 
the management of RDS (C). Faculittes for 
total parenteral nutrition must be available, 
but minimal enteral feeding should be con- 
sidered in infants with stable or improving 
RDS (C). There is also no evidence that 
uncomplicated umbilical catheterisation in- 
creases the risk of necrotising enterocolitis. 


Chronic lung disease 

This has been defined as the requirement of 
supplementary oxygen after 28 days from 
birth.28 It has been shown that an additional 
oxygen requirement in a prematurely born 
infant after 36 weeks’ postmenstrual age is a 
better predictor of severe pulmonary out- 
come.”? The majority of these infants will have 
bronchopulmonary dysplasia. Steroids reduce 
the duration of mechanical ventilation in 
preterm infants and should be given to those 
who have not improved by two weeks after 
birth.**-*4 This benefit outweighs any potential 
side effects (C). The dose and duration of 
steroid treatment are unclear, but it should 
initially be given as a short course and con- 
tinued if a definite response is seen (C). 
Dosage reduction can then be titrated against 
clinical progress. The role of steroid treatment 
in non-ventilator dependent babies who remain 
in oxygen is not established. The place of either 
early steroid administration or vitamin A pro- 
phylaxis for this condition 1s unproved. 

There is no evidence that other treatments 
for bronchopulmonary dysplasia including 
bronchodilator treatment and diuretics have a 
definite beneficial effect. Diuretics are indi- 
cated for episodes of cardiac failure associated 
with bronchopulmonary dysplasia (C), but 
their effectiveness as long term treatment is 
uncertain. If diuretics are used, consideration 
should be given to the use of a calcium spar- 
ing regimen. Antibiotics should only be used 
for active infection (C). 

Treatment of babies with chronic lung 
disease requires facilities for long term moni- 
toring of oxygenation state (C). Non-invasive 
oxygen saturation monitoring is probably 
most accurate, but at present firm recom- 
mendations for the optimal range of satu- 
ration cannot be agreed. 


Appendix å: Areas for further research 
The working group identified a number of 
areas where -urther controlled clinical studies 
or more basi: research at a physiological level 
may considerab'y enhance our management of 
the infant with RDS. The major areas are 
summarised here. 

(1) Does cervical cerclage in women at high 
risk of preterm labour reduce the overall risk 
of RDS in tkeir -nfants? 

(2) Does roatine screening for asymp- 
somatic bacteriuria at 18-21 weeks and 
appropriate amt-biotic treatment reduce the 
overall risk of RDS in infants of these 
women? 

(3) Does sapression of preterm labour with 
B-mimetics resut in a reduction of risk of 
RDS? 

(4) Does examination of the amniotic fluid 
Dr L:S ratio (or equivalent test of surfactant 
=roduction) Lelp in the prevention of RDS in 
areterm infants? 

(5) Are anceratal steroids of benefit in 
reducing RDS and its complications in infants 
over 32 weeke of zestation? 

(6) Is there a benefit of antenatal corticos- 
teroids in diabetic women with preterm 
labour compered with the potential risks to 
rother and infant? 

(7) What ar>the physiological effects of dif- 
ferent methods of resuscitation on the imma- 
tare infant ani do these methods help to 
reduce the sev27itr of RDS? 

(8) What is :he best method for the early 
physiological stabilisation of the airway and 
lungs in preterm infants at risk of RDS? 

(9) What is -he role of early CPAP immedi- 
ately after resuscitation of preterm infants and 
dzes this reduce tke risk of severity of RDS? 

(10) What ss the role of patient triggered 
ventilators in the management of preterm 
-mfants with RD3? 

“11) In infants who ‘fight the ventilator’, 
does matching the ventilator rate to that of the 
beby effectively resolve this condition? Is this 
a feasible metkod of clinical management in 
preterm infants? 

(12) What are safe levels of Sao, in infants 
with RDS? 

(13) What are the effects of different meth- 
ccs of ventilato-y support on cerebral oxy- 
genation and heemodynamicse 

14) Are streignt endotracheal tubes of 
-enefit compared with shouldered tubes in 
preterm ventilated infants? 

"15) Is propəylactic surfactant therapy in 
prezerm infants at risk of RDS cost-effective? 

'16) What is tre most effective and safe sur- 
factant for use im preterm infants? 

(17) Is surfactant cost effective in infants 
ovez 31 weeks of gestation and below 26 
we2ks of gestaticm? 

(18) What is the normal range of blood 
pressure measurements in preterm infants 
over a wide rang= of gestational ages? 

(9) Is inotrcpe infusion of benefit in 
hyepotensive infects with RDS? What is the 
optumal dosage regimen? 

(20) What is te effect of sedation and/or 
muscle relaxation or. the cerebral circulation? 
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(21) What is the optimal dosage regimen 
for indomethacin use in the management of 
patent ductus arteriosus in preterm infants 
with RDS? 

(22) What is the optimal dosage regimen of 
corticosteroids in the management of infants 
with chronic lung disease after RDS? 

(23) What is the indication for corti- 
costeroid use in non-ventilator dependent 
babies who require prolonged oxygen treat- 
ment after RDS? 

(24) What is the role of early corticosteroid 
treatment in the management of infants with 
RDS who are at risk of chronic lung disease? 

(25) What is the role of other treatments 
such as vitamin A, diuretics, and broncho- 
dilators in the prevention or management of 
chronic lung disease? 

(26) What are the safe levels of Sao, in 
infants with chronic lung disease? 


Appendix B: Proposed audit measures 
OBSTETRIC UNITS 

(1) Does the obstetric unit have a clear 
written protocol for the management of 
preterm labour? 

(2) Does the obstetric unit have written 
guidelines for deciding on in utero transfer of 
at-risk pregnancies? 

(3) Does the obstetric unit have a written 
policy for evaluating every woman in preterm 
labour for msk/benefit of (a) f-mimetic 
tocolytic treatment and (b) antenatal cortico- 
steroids? 

(4) Does the obstetric unit have a policy to 
discuss with the mother requiring caesarean 
section the implications for upper uterine 
sepment caesarean section should this prove 
necessary? 

(5) Is a formal and practical resuscitation 
training programme for the prematurely born 
infant in place in every labour ward? How 
often are staff retrained? 

(6) Should a baby be born preterm and un- 
expectedly in a unit unable to offer long term 
neonatal intensive care, does the unit have 
appropriate facilities and staff skilled in look- 
ing after that baby until a team arrives from 
the hospital of referral? How many staff in any 
unit giving care to premature infants have 
received English National Board training in 
neonatal intensive care? 

(7) Was the body temperature of a preterm 
infant above 36°C on arrival in the neonatal 
unit? 


NEONATAL INTENSIVE CARE UNITS 

(8) Does every neonatal unit undertaking 
intensive care have one consultant responsible 
for establishing a protocol for neonatal 
mechanical ventilation? Is there a written 
policy? 

(9) Are the mechanical ventilators used for 
‘nfants with RDS designed for this use? Do 
the staff understand the pmmnciples which 
govern the functioning of ventilators? 

(10) Is there a written policy of acceptable 
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limits for blood gas and pH variables for 
preterm babies with RDS? Is there a written 
policy for acceptable Sao, ranges? 

(11) If exogenous surfactant 1s being used, 
have the staff on the newborn intensive care 
unit been instructed about the rapid respira- 
tory and cardiovascular changes induced by 
some of these agents? Is the unit appropriately 
staffed and equipped to monitor these 
changes and respond accordingly? 

(12) Does the unit have a written policy 
governing the use of indwelling arterial 
catheters including their supervision, so that 
ischaemic complications can be promptly 
recognised and treated? 

(13) Are facilines for dispensing and moni- 
toring a total perenteral nutrition regimen 
available for infants with severe RDS? 

(14) If an infant with RDS is ventilator 
dependent, with radiological evidence of 
chronic lung disease and dependent on addi- 
tional oxygen at 2 weeks, are steroids con- 
sidered? 
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Surfactant replacement therapy—time for thought 


G McClure 


The era of surfactant replacement therapy is 
upon us—there are many such treatments and 
some are n>w becoming commercially avail- 
able and we may expect claim and counter- 
claim amoms the clinical and commercial 
interests. Undoubtedly, such substances con- 
fer benefits -o most of the recipients. The 
oxygenation of blood improves and in some 
studies a reduction in mortality has been 
reported.' As such, these achievements should 
be saluted; erything that clearly can be shown 
to benefit sick preterm infants should be 
widely emploved. 

Before this happens, however, clinicians 
should pause for mature reflection and study 
the publishec data in minute detail. What 
causes concer to some is that there may be 
misuse of th23e substances, that expectations 
may be too b-gh, and that ultimately we may 
disillusion curselves and conceivably may 
harm some o= our patients. 

Most trials have been multicentre as none 
of us have sufficient patients to provide 
enswers in £ working lifetime. Entry of 
patients into trials is therefore based on the 
clinical judgment of many separate indi- 
viduals. This means that the possibility of 
inconsistency increases: if 20 neonatologists 
look at 100 treathless babies, it ıs unlikely 
that they will egree on a diagnosis in all cases. 
Further, it is likely that every baby enrolled 
in these trials was seen first by a consultant 
neonatologist ss many will have been born in 
the middle of the night so the error may be 
further magn fied by inexperience. In addi- 
tion, management subsequent to surfactant 
administration varies within and between tri- 
als so it is difEcult to discern clearly the whole 
truth. 

However, thcs is not my major worry. It is 
possible that among the hundreds of babies 
who have recerved surfactant replacement 
therapy, there are some babies who might 
have been betcer left alone. I am really refer- 
ring to the try, cold, asphyxiated baby who 
needs our help most but who is at the limit or 
is possibly beyond the range of our know- 
ledge. It is pcssible that such babies will do 
bedly no matter what is done after birth—they 
do not suffer cnly, or in some cases, at all 
from surfactant deficiency respiratory distress 
syndrome. In the opinion of some, these 
babies should 22 excluded from the trials but 
in many instances this is not the case. For 
example in the OSIRIS protocol of February 
1990 the entry criteria do not exclude infants 
of extremely lcw birth weight or in poor con- 
dition at birtk but it does state that there 


should be ‘no contraindications judged by the 
clinician responsible for care’. The Curosurf 
trials also made no exclusion for condition at 
birth. The Exosurf trial, coordinated by 
Long,’ excluded babies of <750 g but made 
no allowance for features such as low Apgar 
scores or hypothermia. These exclusions were 
similar to those in the SURVANTA trials.4 
While one accepts the extreme difficulty ex- 
perienced by designers of major trials it might 
have been better had rigid entry criteria been 
employed and those extremely small babies 
already referred to were excluded. 

There are two outstanding worries about 
the long term effects of respiratory therapy in 
these babies: bronchopulmonary dysplasia 
(BPD) and intraventricular haemorrhage 
(IVH). Morley in his recent review states that 
‘surfactant treatment has a variable effect on 
the incidence of BPD’.*° Long, in explaining 
why BPD was not reduced in a trial of a syn- 
thetic surfactant (Exosurf) reasons that this 
problem may be dose related or may be due to 
a type Il error because of the relatively small 
sample size in that study. This may be but we 
must not overlook perhaps more obvious 
explanations. This condition is caused by 
barotrauma and it is likely that the longer the 
duration of time that a baby stays on a ventila- 
tor, the more likely he or she 1s to develop 
BPD. Tiny babies may require ventilator 
assistance for reasons other than respiratory 
distress syndrome, they are extremely small 
and weak and may be unable to sustain respi- 
ration. It is therefore likely that these very 
small babies may require prolonged ventila- 
tion and therefore be at major risk of develop- 
ing BPD. 

Again the effect of surfactant therapy on the 
incidence of IVH is inconsistent. This is 
scarcely surprising for a variety of reasons 
notably the fact that respiratory distress syn- 
drome is not the only cause of IVH. This con- 
dition may occur in utero and, in many cases, 
may be preset to occur at a later stage by the 
time of delivery. Such babies are likely to be 
the smallest. 

The effect of surfactant on mortality again 
varies, although there would appear to be an 
overall reduction. Merritt et al, quoting Hack 
and Fanaroff, state that there has been no 
overall reduction in deaths in babies of less 
than 750 g at birth in approximately the past 
decade.” These babies then present a major 
challenge but in the study of Merritt et al 
using human surfactant, although the mortal- 
ity rate overall was significantly reduced ‘the 
17-5% of infants with birth weights of less 
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than 0:75 kg accounted for 67% of all deaths’. 
They also state that ‘the use of surfactant in 
infants of lower weights may improve survival 
rates but also may be associated with a higher 
incidence of chronic lung disease among sur- 
vivors’. This should reinforce our hesitancy. 

The purists may argue that conclusions can 
only be drawn when all the data are available. 
I certainly accept the scientific logic of this 
attitude but I have a sneaking suspicion that 
by adhering to such august principles we are 
in danger of rediscovering the wheelbarrow. 

What appears to be clear is that if surfactant 
therapy is given to babies of a reasonable size 
and in good condition at birth a good out- 
come should be expected. My view is that to 
administer this treatment to tiny, cold acidotic 
babies is to court disaster. For such babies we 
require to sit down and think again. 
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Commentary 

I agree with Professor McClure. The time for 
surfactant therapy has arrived but he 1s right 
to encourage caution and scepticism about 
individual clinical trials. Some of the trials 
have enrolled highly selected groups of babies, 
for example only babies weighing more than 
700 g, on a ventilator, in more than 60% 
oxygen, or who have no complications. The 
results are then interpreted as applying to all 
babies. 

However, there is now the most impressive 
body of data in the history of neonatology 
from multicentre, double blind, placebo con- 
trolled, randomised trials showing that surfac- 
tant replacement therapy saves lives and 
reduces morbidity. Surfactant used for pre- 
vention or treatment has been shown to be 
both safe and effective. 

Surprisingly, Professor McClure has sug- 
gested that extremely small, hypothermic, 
asphyxiated babies should be excluded from 
the trials. Pm not quite sure he believes that 
they ‘might have been better left alone’, par- 
ticularly as this is just the baby ‘who needs 
our help most but who is at the limit or is pos- 
sibly beyond the range of our knowledge’. If 
we do not study such babies they will remain 
beyond our knowledge. Their extreme im- 


1229 


maturity might suggest that they will not 
respond dramatically to surfactant treatment. 
However, we will never know if we do not 
enter them into appropriate trials. 

It is very difficult to obtain enough data 
from extremely low birthweight babies 
because they are relatively rare. In conse- 
quence most studies only allude to the pos- 
sible effects ın this group. The following 
information is available from published rando- 
mised controlled trials about the effect of 
treating extremely low birthweight babies with 
surfactant. 

In a multicentre randomised trial placebo or 
Exosurf (5 ml/kg) was given to 215 babies 
with birth weights of 500 to 699 g.! 
Treatment with Exosurf was associated with a 
significant improvement in oxygen require- 
ment, persisting for three days. The incidence 
of pneumothoraces was significantly reduced 
from 25/109 (23%) to 11/106 (10%), and 
deaths from respiratory distress syndrome 
were significantly reduced from 26/109 (24%) 
to 15/106 (14%). The incidence of other 
complications was not altered except that pul- 
monary haemorrhage occurred significantly 
more frequently in the Exosurf treated babies 
at 12/106 (11%) compared with 2/109 (2%) 
for the controls. 

A randomised trial compared calf lung sur- 
factant administered at 90 mg ın 3 ml either 
prophylactically (n=235) or as rescue treat- 
ment (n=244) to babies less than 30 weeks’ 
gestation, with repeated doses as necessary.” 
It was shown that there was a highly signifi- 
cant reduction in mortality in the babies less 
than 26 weeks who were treated with surfac- 
tant prophylactically 21/85 (25%) compared 
with rescue treatment 33/72 (46%). The inci- 
dence of pneumothorax was also reduced in 
the babies less than 26 weeks treated prophy- 
lactically 6/85 (7%) compared with the group 
given rescue treatment 13/72 (18%). There 
was no other significant effect. There was no 
indication that prophylactic therapy caused 
such small babies any harm. 

In the ten centre trial of ALEC prophylaxis 
to babies between 25 and 29 weeks’ gestation, 
the neonatal mortality for babies of 25 to 26 
weeks’ gestation was reduced from 15/32 
(47%) to 13/43 (30%). The sample size was 
small and this 36% reduction in mortality 
failed to reach statisucal significance. The 
effect of artificial surfactant was equivalent to 
babies being older by over one week of gesta- 
tion. 

These effects of surfactant treatment on 
extremely immature babies although relatively 
preliminary, are consistent. They show that 
surfactant treatment for these extremely low 
birthweight babies has important beneficial 
effects. The only adverse effect so far reported 
is pulmonary haemorrhage with Exosurf. This 
has not been reported so far with other surfac- 
tants, although many trials have excluded 
babies less than 700 g and the number of such 
tiny babies in the other trials is relatively 
small. 

Surfactant treatment has not been shown to 
have much effect on brain haemorrhages and 


chronic luang disease in extremely small 
babies. 

Professor McClure is right to be cautious 
about the use cf this new and expensive treat- 
ment but I am encouraged by the data avail- 
able so far and believe we should be helping 
these vulnezable babies with one of the best 
and least toxic treatments available to neo- 
natologists. The important thing to watch in 
the future ie whether surfactant treatment has 
any effect 3n long term morbidity in this 
group. The overall results on follow up pub- 
lished so far are encouraging. 

Part of the fascination of research is that 
one’s preconcerved ideas are often proved 
wrong when. proper studies are done. I think 
doubts about the benefit of surfactant for 


McClure 


extremely immature babies may be just such a 
situation. 


COLIN J MORLEY 
Department of Paedaines, 
Addentrooke’s Hospital, 
Level 8, 

Hills Road, 

Cambndge CB2 20Q 
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Diagnosis and management of inborn errors of 


metabolism—an update 


J E Wraith 


Since this topic was last reviewed rapid 
advances have been made in our understand- 
ing of inherited metabolic disease.! Much of 
this increased knowledge has been stimulated 
by the application of molecular genetic tech- 
niques to the study of human disease. In addi- 
tion clarification of the function of various 
subcellular organelles has led to the recogni- 
tion of a number of new disease states. 

An aggressive approach to diagnosis and 
treatment remains the correct therapeutic 
option. The widespread availability of accu- 
rate imaging equipment and the advances in 
electrophysiological techniques have improved 
our ability to provide an early, accurate 
prognosis for most affected infants. 

Despite our increased understanding of 
the pathophysiology of inherited metabolic 
disease the long term prognosis for many dis- 
orders remains poor, especially in those infants 
where there is a significant delay between the 
onset of symptoms and diagnosis and treat- 
ment. Arteriovenous haemoperfusion is being 
increasingly used as the method of choice for 
removal of toxic intermediary compounds and 
peritoneal dialysis is reserved for those infants 
in whom vascular access 1s not possible. 

It is essential that the basic ‘metabolic 
screen’ is supplemented by a sample of blood 


(collected in a 5 ml EDTA tube) for subse- 
quent DNA analysis. This is particularly 
important for infants suspected of having 
medium chain fatty acyl CoA dehydrogenase 
deficiency (MCAD) where analysis for the 
common mutation is often the quickest 
method of establishing the diagnosis and will 
detect 90% of cases within the white 
population. 

Management of a child with an inborn error 
of metabolism while awaiting results is still 
based on attempts to rapidly induce an 
anabolic state. Glucose and insulin and the 
use of lipid emulsions remain the major thera- 
peutic thrust during this period, supple- 
mented by arteriovenous haemoperfusion. 
The ‘blunderbuss’ approach to treatment 
using a megavitamin cocktail can no longer 
be routinely recommended. Specific vitamin 
treatment after diagnosis of a disorder known 
to be vitamin responsive is appropriate. 

The necropsy remains important in those 
infants for whom a diagnosis has not been 
found. In addition to blood, urine, cere- 
brospinal fluid, and skin fibroblasts, a muscle 
biopsy specimen should be collected and snap 
frozen. Muscle tissue is essential if a mito- 
chondrial cytopathy is thought to be respon- 
sible for the infant’s ulness. 


Appendix Metabolic disorders that may present as severe neonatal illness 





@ Carbohydrate metabolism 


Cralactoszemia produces cataracts and severe liver disease, the other members of this 
hypoglycaemua and lactic acidosis (see also Mitochondrial disorders). Hereditary 


before symptoms appear 


Disorders 
1 Galactosaemua (‘classical’) 
2 Glycogen storage disease 


up usually present with a combmaton of 
ctose intolerance requires a fructose load 


Enzyme deficuences 
Galactose-1-phosphate urıdyl transferase 


Type Ia Glucose-6-phosphatase 
Type Ib *Translocase’ 
3 Fructose Fructose-1-6-bisphosphatase 


Aldolase (hereditary 
Pyruvate carboxylase 


4 Lactic acidosis 


ctose mtolerance) 


Lt ede deh 


@ Amino acid disorders 


osphoenolpyruvate carboxykinase 


Presentation may be vanable, but central nervous system dysfunction 1s common. In maple syrup urine disease the unne has a 
charactenstic odour. Acute hereditary tyrosinaemua causes severe liver disease and renal tubular dysfunction 


Dasorders 
5 Maple syrup unne disease 
6 Non-ketotic hyperglycinaemia 
7 Tyromnaemia type I 


@ Organic acid defects 


Enzyme deficiencies 

Branched cham ketoacid decarboxylase 
Glycine cleavage system 

Fumaryl acetoacetase 


Present with a combinanon of lethargy, serzures, ketoacidosis, neutropenia, hyperammonaemua, and hyperglycinaemia 
Hypoglycaemug 1s common Isovaleric acidaemia and glutaric aciduria type II produce an odour of ‘sweaty feer 


Disorders 
8 Methyimalonic aadaemia 
9 Propionic acidgemua 


Enzyme deficiencies 
Methymalony] CoA mutase (and others) 
Propionyl CoA carboxylase 


10 Isovalertc acidaemuia Isovalery] CoA dehydrogenase 


11 Glutance aciduria type II 
12 MCAD deficiency 


Glutaryl CoA dehydrogenase 
Medrum chain fatty acyi CoA dehydrogenase 
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Appendix corroned 
© Urea cycle defects 





Clinical feature: are due to hyperammonaemic encephalopathy. Hiccoughs are common The illness is more severe the more 
proximal the defect :n the cycle. 


Disorders Enzyme deficiencies 
13 Carbamyl phosphate synthetase deficiency 


14 Ornithine catam transferase deficiency 


15 Crrullinaem æ Argimmosuccinic acid synthetase 
16 Arginmosucaric cciduria Argininosuccinic acid lyase 

17 Argininaemic Arginase 

18 Transient hyocrammonaemia of prematurity Unknown 


@ Peroxisoma discrders® 


Defects of peroxs5mal biogenesis and specific deficiencies cea Nn enzymes can be associated with profound neurological 
abnormahnes as well as a typical dyamorphic presentation Only the more common disorders are menuoned below 


Dusordars Enzyme deficiencies 

19 Zellweger’s syr-trome Peroxisomal biogenesis 
20 Rhizomelic chcndsodysplama punctata Mutnple 

21 Neonatal adreroleakodystrophy Multiple 


® Mitochondria” disorders‘ * 

Mitochondrial dacrders are becoming increasingly recognised as a cause of neonatal metabolic acidosis and encephalomyopathy 
With some disorders multisystem disease is common, but che central nervous system and skeletal muscle seem particularly 
vulnerable. Lact& actiosis is a useful biochemical marker, but the ulumate diagnosis depends on a combination of chmucal 
picture, histologizel findings of skeletal muscle biopsy, biochemical analysis of the respiratory transport chain in muscle tssuc, 
and an analysis o? outechondrial DNA for deletions and other nritations 


© Miscellancow 


Disorders Enzyme deficiencies 
22 Pyndoxme dependent seizures Unknown 
23 Lysosomal stocege iiseaset Various 


*Is associated wita serere abnormality in central nervous system differennation m some patients, for example absence of corpus 
callosum and other detscts 
tA number of lysosomal storage disorders have been reported as presenting with hydrops fetahs 
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Initial experience of screening for retinopathy 


of prematurity 


D I Clark, C O’Brien, A M Weindling, M Saeed 


The initial results of the Multicenter Tnal of 
Cryotherapy for Retinopathy of Prematurity 
(ROP) in the USA,! published ın 1988, showed a 
significant reduction in the number of visual 
complications in babies treated with retinal 
cryotherapy for stage 3 ‘threshold’ disease. ‘These 
results were the first real evidence that treatment 
could improve the outcome in ROP. Based on the 
results and recommendations of that study, we 
set up a screening service for ROP based at the 
Mersey regional neonatal intensive care unit. 
This unit comprises 24 cots, of which seven have 
been designated as being for infants who require 
ventilation. In practice these numbers are often 
exceeded. The purpose of this paper is to describe 
the service which started in April 1989. 


Screening programme 

Our aim was to screen all infants of birth weight 
below 1500 g and/or less than 32 weeks’ gesta- 
tion. Babies born at 26 weeks’ gestation and 
under were first examined at 32 weeks after con- 
cepuion. Others all had a first eye examination by 
the time they were 7 weeks old, and in many 
cases it was before that. All infants were then 
examined every two weeks. If no ROP was 
detected by term, when the retinal vessels have 
normally reached the ora serrata, the babies 
were discharged. All babies who developed 
ROP continued to be reviewed by one of us 
(DIC) until there were either definite signs of 
regression or treatment by cryotherapy was indi- 
cated. Infants with mild ROP and those in 
whom regression occurred were reviewed until 
they were 3 years old, first at three monthly and 
then at increasing intervals. Orthoptic assess- 
ment, refraction, and retinal examination were 
performed. Infants who were treated with 
cryotherapy were seen more frequently because 
of an increased risk of developing high myopia, 
amblyopia, or strabismus. We intend to con- 
tinue to follow up these children. 

All neonatal units in the Mersey region were 
contacted and informed of the ROP screening 
service. They were invited to refer those babies 
who met the screening criteria to our unit for 
retinal examination if such a service was not 
already being provided by their local ophthal- 
mology department. The offer was taken up by 
two hospitals in a neighbouring region and five 
of the seven nurseries which are located in the 
Mersey region, but outside Liverpool. One of us 
(DIC) already provided an ophthalmological 
service to the three nurseries in Liverpool. 


During the two years of this study three babies 
were unfit to travel for screening. None had 
been previously nursed on our intensive care 
unit. On those occasions one of the authors 
(DIC) examined the babies in their respective 
neonatal intensive care unit. 

Retinal examination is carried out as follows. 
The pupils are dilated with 0-5% cyclopentolate 
and 2:5% phenylephrine eyedrops, and oph- 
thalmoscopy performed with a 28 dioptre lens. 
A lid speculum and scleral indentation 1s used to 
facilitate examination of the retinal periphery. 
Clinical findings are recorded in accordance 
with the recognised classification system.’ All 
babies are monitored with a pulse oximeter and 
an electrocardiograph during the screening pro- 
cedure. Most babies are exarnined on the neona- 
tal intensive care unit in a converted isolation 
room modified by the fitting of blackout cur- 
tains. Those who were too ill to be moved were 
examined in their incubators. In these cases the 
view of the retina is less good because there is 
more light in the room. Itis also more difficult to 
get the baby into an optimal position. In spite of 
these difficulties, these have often been the sickest 
babies with the worst disease, and even though the 
quality of the examination is less good, a quick 
look for ‘plus’ disease is possible. 


Results ofthe screening programme 
Between April 1989 and April 1991, 204 babies 
completed the screening programme, of whom 
44 were transferred from other hospitals; 103 
(51%) had developed ROP. Seventy five of the 
91 babies (82%) born at 28 weeks’ gestation or 
less developed ROP, while 28 of 104 babies of 
29-31 weeks’ gestation (27%) developed ROP. 
The incidence of ROP by gestation is shown in 
fig 1. All babies under 27 weeks’ gestation 
developed ROP. Fifty two (87%) of the 60 
babies with a birth weight of less than 1000 g 
developed ROP whereas 51 (35%) of the 144 
babies of birth weight greater than 1000 g devel- 
oped ROP. All 13 babies of birth weight below 
750 g developed ROP (fig 2). 

The worst stage of disease seen in either eye of 
the 103 babies with ROP ıs shown in table 1. 
Three babies were bilaterally blind due to retinal 
detachment (stage 4/5) when they were first 
examined by an ophthalmologist. Their clinical 
details are shown in table 2. This was at the start 
of the screening programme and they had been 
considered to be too ull for ophthalmological 
examination. We now make strenuous efforts to 
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review infants cn time and the problem has not 
arisen since. 

As all cases cf stage 1 and stage 2 ROP regress 
spontaneously we have grouped these babies 
together and compared them with those whose 
worst stage of KOP was stage 3—5, plotted against 
zestational age (5g 3) and birth weight (fig 4). 

Minor chanz2s in heart rate occurred rela- 
ively frequently during scleral indentation, but 
there were no serious bradycardias. The major 
complication ncted during ocular examination 
was apnoea. This cccurred in three infants: one 
experienced recurrent apnoeic attacks both 
before and afte- the screening procedure; a sec- 
ond had chrome lung disease which subse- 
quently required home oxygen; and the third 
baby was founi tc be anaemic (haemoglobin 
concentration EC g/l) and a further examination 
after transfusion wes uncomplicated. 


Table! Worst stage o; ROP achieved by esther eye 





Noof Birth wweight (g) Gestanon (weeks) 
babies cig aie ce ate ee 
Medan Rare Median Ranges 
Stage 1 24 1271 595— 60) 29 26-31 
2 44 1022 580- 605 27 24-31 
3 25 360 450- 46) 26 22-29 
45 10 312 664- 48) 26 24-29 
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Table 2 Chnical details of three infants who had rennal 
detachment when first examined by an ophthalmogist 


Age first exanined ROP 
(weeks) ee 








(teeks) @® 

24 668 14 Bilateral 5 
25 664 13 Bilateral 4 
29 1480 24 Bilateral 5 
Treatment by cryotherapy 


Thirty eyes (16 babies) had stage 3 ‘threshold’ 
disease and were treated with retinal cryo- 
therapy. The median gestational age of these 
babies was 26 weeks (range 24-29 weeks), 
median birth weight was 813 g (range 622~ 
1460 g), and median postnatal age at the time of 
treatment was 78 days (range 66-106). The 
treatment was performed on the neonatal unit 
with a paediatric senior house officer and neona- 
tal nurse in attendance. The babies were in- 
tubated, ventilated, and nursed under an 
overhead heater. They were paralysed with pan- 
curonium, and fentanyl (15 m/kg) was given for 
analgesia. Twenty six eyes were treated with a 
retinal cryoprobe to be avascular retina (average 
applications 37), four eyes were treated with the 
modified hammerhead cryoprobe. If necessary 
the conjunctiva was incised to allow better 
access of the cryoprobe over the avascular retina. 

No anaesthetic complications occurred. 
Three eyes developed ocular complications: two 
were found to have a 1 mm overgrowth of con- 
junctival tissue onto the peripheral cornea, 
which was visually insignificant and occurred in 
one case despite conjunctival suturing; another 
baby was found to have suffered a small vitreous 
haemorrhage, temporal to the macula, at the 
time of the first post-treatment examination. 

The outcome of treatment was regression of the 
disease in 21 of the 30 eyes, while seven eyes pro- 
gressed to retinal detachment, and two eyes had 
retinal folds involving the macula. Three of the 
treated babies became bilaterally blind and were 
placed on the blind register. Subsequently, two of 
these three babies died as a result of other systemic 
illness unrelated to the ocular treatment. A further 
baby died with failed surgery m one eye, the other 
eye having been successfully operated on. 


The estimated costs of this service are 
described below. This should not be considered 
to be a rigorous costing exercise. We have pur- 
posely left out the cost of the paediatric registrar 
and senior registrar, and the extra secretarial 
time required, because the people were already 
employed to work on the neonatal unit. 

The initial capital costs for establishing this 
service was approximately £6000 for the pur- 
chase of the equipment. This included a 
cryotherapy machine, cryoprobes, an indirect 
ophthalmoscope, and lenses for the retinal 
examination. It did not include the cost of the 
pulse oximeter or a heart rate monitor. 

The revenue costs of running such a service in 
terms of consultant ophthalmologist’s time and 
extra nursing may be expressed as follows. 
Liverpool Maternity Hospital is a level 3 regional 
neonatal intensive care unit ventilating around 
200 babies each year. This amounted to 2198 
ventilator days in 1990 and 1894 ventilator days 
in 1991. At that hospital, one consultant oph- 
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thalmologist needed one notional half day 
(NHD) each week for screening. A further 1 
NHD was needed for long term follow up of 
babies born prematurely at that hospital. This is 
carried out at the local eye hospital. A third 
NHD was required for treatment. A senior reg- 
istrar in ophthalmology rotates through this ser- 
vice, but is considered supernumerary. An 
additional three half days of nursing time were 
needed for the service. 

So that other neonatal units can determine 
their requirements for ROP screening based on 
the workload in their own unit, the revenue costs 
have been expressed in terms of the number of 
ventilator days per year. We calculated that the 
provision of the service required 1-2 NHDs of 
consultant ophthalmologist’s time and 4-8 nurs- 
ing hours each week per 1000 ventilator days per 
year. The average cost for the ambulance service 
to transfer the babies from the district general 
hospital to the central hospital was £15 per jour- 
ney (£0-58 per mile and £18 per hour). No extra 
nurses were employed for this. 


Discussion 

One hundred and three (50%) of the 204 
infants who satisfied the inclusion criteria for 
screening, that is who were below 32 weeks’ 
gestational age and/or weighed less than 1500 g 
at birth and who completed the screening pro- 
gramme, developed ROP. This figure is similar 
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to other published semes,?* but somewhat 
higher than the figure of 32:6%° reported in 
a recent study from the Hammersmith 
Hospital, London. Different inclusion criteria 
and examination techniques may account for 
the different rates of ROP found. We used a 
lid speculum and scleral indentation. This 
allowed us to examine the peripheral retina in 
greater detail than the method used by the 
Hammersmith group. 

ROP was more likely to occur in the more 
immature infants (82% of those born at $28 
weeks) and in those with a lower birth weight 
(87% of those born <1000 g). In particular, the 
more serious and vision threatening stages of 
ROP—that is, stages 3-5—-were seen in the 
more preterm infants (table 1). Twenty five 
babies (24%) developed stage 3 ROP, which is 
similar to or slightly higher than previous stud- 
ies? 7 and 10 babies reached stage 4/5 (nearly 
10%). Figures 3 and 4 show that the severer 
stages of ROP are more common with decreas- 
ing birth weight and gestational age. Six out of 
13 (46%) of babies born weighing under 750 g 
and nine out of 47 (19%) of babies weighing 
between. 750-1000 g developed stage 3 thresh- 
old disease or worse. Such a high incidence of 
severe stage ROP is a matter of concern and is 
under investigation at present. 

In 1988, the preliminary results of the ran- 
domised cryotherapy trial for stage 3 threshold 
ROP found that treatment reduced the likeli- 
hood of an unfavourable outcome from 43% for 
untreated eyes and 22% for treated eyes.) An 
unfavourable outcome was defined as ‘posterior 
retinal detachment, retinal fold involving the 
macula, or retrolental tissue’. However, a more 
definitive follow up report from that same trial, 
published in 1990, found an unfavourable out- 
come in 51% of untreated eyes as against 31% 
for treated eyes. Our results of cryotherapy 
treatment are more in line with the second of 
these reports. Nine of the 30 treated eyes (30%) 
in our group had an unfavourable outcome after 
cryotherapy. 

Despite the apparent reduction in 
unfavourable outcome after cryotherapy, the 
relatively high proportion of cases that went on 
to retinal detachment is a cause for concern. 
Recently published results of cryotherapy for 
stage 3 ROP, performed earlier than the ‘thres- 
hold’ disease definition used by the Multicenter 
Trial of Cryotherapy for ROP! 8° found that 
retinal detachment occurred in only 1-25% of 
79 treated infants.? We feel that delay in 
cryotherapy by even a short time once threshold 
disease has been reached may be prejudicial to 
the outcome. 

Complications during screening and treat- 
ment were fairly uncommon, mostly related to 
the stimulation of the oculocardiac reflex due to 
ocular manipulation and the admunistration of 
the eye drops. !° 1! No anaesthetic complications 
occurred during or after the retinal cryotherapy 
procedure. A vitreous haemorrhage was noted 
in one eye at the first post-treatment retinal 
examination This complication has been 
reported to occur in up to 20% of treated eyes,® 
and may be due to the disease process itself 
rather than to the treatment. 
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We have presented the costs of the service in 
cerms of the wcrkoad of the neonatal unit, the ini- 
tial capital cess for equipment and the revenue 
consequences. Any attempt to cost blindness 
would be extremely difficult and would have to 
take into account the emotional as well as the finan- 
cial costs invclved for both the patients and par- 
ents.!* Nevertkeless a North American study has 
estimated tha =ryotherapy for ROP gives a 20 te 
60 million doLer ‘net savings to the Federal budget 
for each annua birth cohort of 25 000 premature 
infants (<1503 g} depending upon the assump- 
tions made about ‘ifetime costs of blindness.!° 

We conclu that screening for ROP should 
be available for all infants born at less than 
32 weeks’ gestation and weighing less than 
1500 g, and taat this should be performed by a 
trained ophthalmologist. If ROP of stage 3 or 
worse is detected, we recommend that treat- 
ment should > performed at a regional centre, 
where approcrigte expertise will have been 
developed. 
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The ‘flat’ fetal heart rate (FHR) trace both 
before and during labour is viewed ominously 
by many obstetricians and midwives. The cur- 
rent medicolegal climate relating especially to 
care in labour is such that much emphasis is 
placed on an unreactive FHR. There is a 
tendency to link an unreactive FHR with an 
adverse outcome. However, it is only in a 
minority of cases that this is true. Furthermore, 
there 1s a wide variation in both definition and 
interpretation. Like many aspects of pregnancy 
care, the unreactive FHR is an example of ‘a 
little knowledge being a bad thing’. 


Definition 
There is no agreed definition of an unreactive 
FHR; there is more agreement about what 
constitutes a reactive FHR. Therefore the 
simplest definition of an unreactive FHR 
might be one that fails to meet the criteria for 
a reactive FHR. A reactive FHR is one which 
has at least two accelerations of at least 15 
beats per minute (bpm) amplitude (some 
would use 10 bpm), each lasting for at least 
15 seconds, during a set time period, on 
which there is no general agreement, but it 
varies from 10 to 120 minutes.? 7 From the 
results of fetal behavioural studies! we use a 
15 bpm amplitude of acceleration on at least 
two occasions in association with fetal move- 
ments within 40 minutes as our definition of 
reactivity 1n the fetus of 30 weeks’ gestation or 
more, and consider 10 bpm to be more 
physiological at under 30 weeks (see below). 
The problem with defining an unreactive 
FHR as one with no accelerations is that it 
does not take into account baseline FHR 
variation. There are two types of variation: 
short and long term. Short term variation is 
the variation in successive beat-to-beat inter- 
vais of the FHR. However, this variation can- 
not be accurately measured using external 
FHR monitoring via Doppler ultrasound with 
autocorrelation. Even when true beat-to-beat 
variation is accurately recorded using a fetal 
scalp electrode in labour, this cannot be visu- 
ally quantified by someone observing the 
FHR. This is not surprising since the true 
mean (SE) beat-to-beat variation is 2-1 (0-2) 
ms.‘ In the clinical setting the only method of 
quantifying short term FHR variation is by 
using computerised FHR analysis. However, 
even when this is available it appears that 
beat-to-beat FHR variation is not as clinically 
useful as when beat-to-beat intervals are aver- 


aged over 1/16th of a minute and the differ- 
ence between consecutive 1/16th of a minute 
intervals are used.° 

Therefore it is long term FHR variation 
which is most commonly referred to in clinical 
practice. Long term variation is a visual 
assessment of the irregular oscillations of the 
baseline FHR. The normal amplitude of vari- 
ation of the FHR baseline is commonly 
accepted as being between 5 and 15 bpm,° 
though some maintain that 25 bpm is a more 
realistic upper limit.’ The considerable inter- 
observer and intraobserver variation in inter- 
pretation and quantification of FHR variation 
has led to the introduction of computerised 
FHR analysis.® 

Although theoretically computer analysis of 
FHR would appear to be the panacea for 
problems of FHR interpretation, it is only as 
good as the program criteria. Such criteria 
need to be validated over tens of thousands of 
pregnancies if they are to detect fetuses at 
high risk of intrauterine compromise. This 
point is well illustrated by a sinusoidal FHR 
with pathologically low FHR variability, being 
computed as having normal long term varia- 
tion, which could only be diagnosed as abnor- 
mal by including a computation for short term 
variation.’ It is noteworthy that the computer 
criteria for long and short term variation 
(evolved by comparing the analysis of thou- 
sands of FHR recordings with the subsequent 
infant outcome) differ remarkably from those 
used clinically. Furthermore, although com- 
puter analysis appears to detect antepartum 
fetal hypoxia in small for dates fetuses, the 
same criteria were not found to be applicable 
in labour.!® Although promising, comput- 
erised analysis needs further evaluation. 

In clinical practice we suggest that an unre- 
active FHR should be defined as an FHR 
which fails to demonstrate accelerations (at 
least two periods of 15 seconds’ duration with 
15 bpm or more for pregnancies of more than 
30 weeks, and 10 bpm for pregnancies less 
than 30 weeks) in association with fetal move- 
ments during 40 minutes’ continuous record- 
ing. If the FHR fails to fulfil these criteria 
after 40 minutes of continuous recording then 
it should be regarded as abnormal. This con- 
clusion would be reinforced by the demon- 
stration of FHR baseline variation persistently 
being less than 5 bpm during the 40 minutes. 
The presence of decelerations of the FHR (a 
fall of at least 15 bpm lasting for at least 10 
seconds) would be further evidence of patho- 


logical FHR pattern. However, it must be 
remembered tkat decelerations of the FHR 
are a normal -eature of the very immature 
FHR! and are therefore less likely to be 
pathologica! before 28 weeks. 

It is our view that this definition of the 
unreactive JHR with the caveats relating to 
baseline variation and decelerations is equally 
applicable to antepartum and intrapartum 
recordings of tke FHR. 


Causes 
The norma. FHR recording is determined by 
the dynamr irterplay of the autonomic ner- 
vous system, cerebral centres, and cardiovas- 
cular reflexes.!! The autonomic innervation of 
the heart is the most important mechanism in 
controlling FER variation. The parasympa- 
thetic muscarmic cardiodecelerator activity 
(producing a Cecrease in FHR but increased 
variation) i3 of primary importance in influ- 
encing beat-to-beat variation because of its 
rapid effect on FHR. In contrast sympathetic 
cardiac stiriuletion (producing an increase in 
FHR and decreased variation) leads to a 
much slower FHR response. !? 

The cacses of unreactive FHR can be 
broadly divided into physiological and patho- 
logical (tab.e 11. 


PHYSIOLOGICAL 

Gestation is the most important physiological 
influence oa FHR. The FHR fails to manifest 
acceleratioms in association with movements 
and is this rormally unreactive before 24 
weeks.! From 24 weeks onwards, FHR accel- 
erations ar2 scen for a greater proportion of 
the time although these are not normally of 15 
bpm or more antil 30 weeks onwards.! Over 
the last trimaster fetal rest/activity cycles 
become menifest and these evolve into sophis- 
ticated fecal behavioural states from 35 
weeks.!? [uring the last trimester the com- 
monest reeson for an unreactive FHR is feral 


Teth 1 Causes of an unreactive FHR 


Fecal 


Pathological 


Central nervous system 
Anomalies (for example anencephaly) 
Infection (for example vancella) 
Hypoxia 


Rest/actisity states, 
IF behavioural state,* 
or quiescence 


Mazernal D_uimal vanation 
Esternal stimul 





Chronic (for example 
placental insufficiency, pre-eclampsia} 
Acute (for example mtrapartum 
asphyxia, placental abruption or 
maternal cardiorespiratory collapse 
resulung in bram death) 


Cardiac failure (various causes) 


Accidents (for example 
cardiorespiratory arrest) 


Opiates 

Anaesthetics (for example epidural) 
Parasympatholync 
Sympathomumetic 

Magnesium sulphate 


"Four categones of behavicural states are used to describe the fetus and these are numbered 1 
to + and the letter P’ is edded to differenta-e fetal states from neonatal states Behavioural 
states are deterrrin-d by heart rate, fetal gross tedy movements, and eye movements. For 


exauncle, state JF, zhi 


B synonymous with fetal quiescence, is characterised by absent eye 


mzwements a stabl= fetal heart rate with low baseine variation, which can be interrupted by 
isatated heart rate a-celerations which are strictly associated with bnef gross body movements, 


rcuszly startles. 
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quiescence or fetal behavioural state 1F.)° 
At term a fetus can spend 30-40% of the time 
in quiescence and the average (SD) con- 
tinuous period spent in quiescence is 21 (8-6) 
minutes.!4 Therefore we would recommend 
that an unreactive FHR should be investigated 
if quiescence lasts longer than 40 minutes. 

Another normal feature of advancing gesta- 
tion is the effect on baseline variation. Early in 
the second trimester variation is very slight 
(less than 5 bpm) but gradually increases as 
pregnancy progresses so that it is usually 
greater than 5 bpm after 26 weeks. The mean 
baseline variation is approximately 7 bpm at 
34 weeks. Thereafter the mean baseline varia- 
tion depends on the state of activity of the 
fetus: in quiescence, the mean variation falls 
to reach 4 bpm at 40 weeks, whereas in acti- 
vity variation continues to rise to about 10 
bpm at 40 weeks.! Other fetal factors which 
are associated with an increase in FHR varia- 
tion include fetal breathing and fetal 
mouthing movements.! 17 

Maternal physiological factors which influ- 
ence FHR reactivity include diurnal variation 
(more fetal activity and hence reactivity in the 
evening!®) and glucose ingestion (increases 
fetal breathing and baseline variation). 

External stimulation (for example, with 
vibratory or acoustic stimulators) of the fetus 
increases reactivity of the FHR and has been 
claimed to affect fetal behaviour generally.!” 


PATHOLOGICAL 
A number of different pathologies can pro- 
duce an unreactive FHR by directly affecting 
the fetal central nervous (CNS) or cardiovas- 
cular systems (CVS). Examples of pathologies 
directly affecting the CNS are structural 
abnormalities such as anencephaly, infections 
such as varicella, acute hypoxia (secondary to 
uterine contractions in labour, or placental 
abruption) and a major non-fatal hypoxic or 
anoxic insult!® causing brain death such as 
placental abruption or maternal cardiorespira- 
tory collapse.!9 The pathophysiological effect 
of chronic placental insufficiency as seen with 
severe pre-eclampsia or recurrent placental 
bleeding is to cause hypoxia which affects 
FHR variation.?° In such cases when decom- 
pensation occurs there will be a resultant pro- 
gressive reduction in FHR variation which will 
nearly always be accompanied by recurrent 
late or variable deceleration.?! ?? This effect 
has been shown by cordocentesis to be associ- 
ated with fetal hypoxia.” If the decompensa- 
tion continues, hypoxic acidosis will result 
which is characterised by loss of accelerations, 
decreased baseline FHR variation (<3 bpm) 
and shallow decelerations in response to 
Braxton Hicks’ contractions.*# 23 

The commonest CVS cause for an un- 
reactive FHR to cardiac arrhythmia. This can 
be primary idiopathic (supraventricular tachy- 
cardia, atrial flutter), or secondary to a struc- 
tural cardiac abnormality. Cardiac failure in 
the fetus (secondary to anaemia, abnormal 
karyotype, cardiac anomaly or arrhythmia) 
also results in a unreactive FHR but this is 
probably due to the resulting hypoxia. 
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Maternal ‘pathological’ causes of an unre- 
active FHR are primarily confined to the 
effects of drugs taken by the mother, which 
cross the placenta and affect the fetal CNS 
and CVS. Those that predominantly have 
their effect on the CNS” include opioids such 
as pethidine, hypnotics such as diazepam, and 
anaesthetics both general and regional (epidu- 
ral, spinal). However, the effect of an epidural 
or spinal anaesthetic in producing an unreac- 
tive FHR may be more commonly due to an 
effect on uterine perfusion. Drugs with pre- 
dominant effects on the fetal CVS include 
parasympatholytic agents, such as atropine 
and tricyclic antidepressants, sympath- 
omumetic agents such as ritodrine and salbu- 
tamol. Other drugs include magnesium sul- 
phate and even paracetamol.*’ 

A rise m maternal temperature will result in 
a rise in the FHR baseline with a reduction in 
variation, but accelerations tend to be pre- 
served. 

It should be stressed that not all these 
pathological causes of an unreactive FHR are 
confined to labour. Indeed the majority pre- 
date labour onset. This observation leads to 
the speculation that at least some of the unre- 
active FHR records which are identified in 
labour may reflect some longstanding problem 
which has not been identified because no 
FHR recording was undertaken before labour 
(for example undiagnosed intrauterine growth 
retardation). 


Management of an unreactive FHR 
ANTEPARTUM 

The first principle of management when an 
unreactive FHR is reported or suspected is to 
ensure that the strict criteria for definition are 
fulfilled (see above) since the commonest 
cause will be fetal quiescence. The next prin- 
ciple of management is to try and ascertain 
the cause (table 2). A clinical assessment 
should be undertaken to exclude conditions 
such as pre-eclampsia, antepartum haemor- 
rhage, drug taking, and a small for dates fetus. 
After this clinical evaluation, ultrasound fetal 


Table 2 Management of an unreacnve FHR 


Ensure that the critena for diagnosis are fulfilled to exclude 
physiological causes 


Unreacnive FHR—need to exclude a pathological cause 
History and examination 


Pre-eclampsia 
Antepartum haemorrhage 


Reduced/absent fetal acuity 
Small for dates ferus 

Biometry (fetal size) 

Anatomy CNS/cardiac 
Cardiac rhythm (M mode) 
Biophysical assessment 
Coincidence ın fetal behaviour 
Fetal Doppler studies 
Stress/sumulation tests 


Karyotype 
Viral serology 
Haemoglobin 


Ultrasound assessment 


Invastve testing 
Antepartum 


Intrapartum 
Treatment 
Antepartum Fetal specific cause (for exampie 
antiarrhythmic drug or 
biood transfusion) 
Delivery 
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assessment is mandatory. A biophysical pro- 
file should be performed”* which if normal is 
reassuring (which can be especially helpful in 
interpreting unreactive FHR below 28 weeks) 
but if ıt is abnormal it 1s associated with an 
increased risk of fetal compromise. In addi- 
tion, during the profile procedure more criti- 
cal observation of the relationship between the 
FHR and fetal activity may prove useful in 
diagnosing fetal pathology. For example, in 
brain death there is an unreactive FHR and 
absent fetal movement, whereas dissociation 
of fetal activity with an unreactive FHR is 
found with anencephaly and congenital 
abnormalities.?? 

A detailed anomaly scan will help identify 
fetuses with obvious CNS, CVS, and karyo- 
typic abnormalities. Cardiac arrhythmias 
should be categorised using M mode ultra- 
sound. Fetal size assessment is important in 
diagnosing intrauterine growth retardation 
which is a common feature of many of the 
pathologies associated with an unreactive 
FHR. Similarly, abnormal Doppler ultra- 
sound studies of the umbilical artery 
(increased systolic to diastolic ratio or absent 
end diastolic frequencies) are found in many 
conditions which can result in an unreactive 
FHR. Indeed the combination of intrauterine 
growth retardation, abnormal Doppler record- 
ings, and an unreactive FHR ıs associated 
with a poor prognosis for the fetus.*° 

Fetal stimulation has been used as an 
adjunct to FHR monitoring in order to assess 
fetal wellbeing. The oxytocin stress test is 
commonly used in North America if the FHR 
is unreactive. However, it is not without risks 
such as aggravating fetal compromise and 
preterm labour. An alternative stimulation test 
is vibroacoustic stimulation which has been 
found useful antenatally in shortening the 
time to achieve a reactive FHR.3! However, to 
date whereas a positive response is reported as 
reassuring (associated with a non-acidotic 
fetus), it is less useful in identifying fetal dis- 
tress.** Furthermore, there have been sugges- 
tions that vibrocoustic stimulation may be 
potentially hazardous to an already compro- 
mused fetus.’ 

If the cause is still not certain then invasive 
testing may be necessary. In the antepartum 
period the diagnosis of chromosomal abnor- 
mality is the commonest indicauon for inva- 
sive testing, especially if ultrasound stigmata 
of anomalies are identified. While fetal blood 
sampling will provide a relatively quick 
answer, within two to three days, allow 
haemoglobin and blood gas and acid—base 
estimation (in case of fetal hydrops), and sero- 
logical screening for viral infections, it is not 
without significant risk to the fetus especially 
in the growth retarded fetus.44 Chorionic 
villus sampling may prove to be safer and 
quicker and the results as reliable. The 
relative merits of the two approaches have not 
yet been tested in controlled studies. Ante- 
partum definitive treatment will depend upon 
the cause. If investigations conclude that the 
fetus does not have a lethal irreversible cause 
for the unreactive FHR or one which can be 


safely treated in utero (for example anti- 
arrhythmic therapy? or fetal blood trans- 
fusion) then delivery is the usual treatment, 
often by caesarean section. 


INTRAPARTUM 
In labour while clinical assessment in order to 
determine zhe cause is still possible and 
should be undertaken, the full range of inves- 
tigations megy be neither available nor feasible. 
In practice the commonest investigation em- 
ployed is feral blood pH estimation obtained 
by fetal scap sampling (which has an added 
advantage of acting as a stimulation test). 
However, there are limutations to this 
approach. Unless detailed fetal assessment has 
been undertaken before the onset of labour 
(for example as part of the admission assess- 
ment), maragement in labour is going to be 
largely on the basis of fetal acidaemia so that 
fetal normality before labour has to be 
assumed. ‘Lhis assumption may be proved to 
be imcorre=t once the infant is delivered. 
Furthermore, a normal scalp pH in the 
presence cf an unreactive FHR does not 
exclude pathology.*° 

In labour, general fetal resuscitational mea- 
sures should be employed even when the scalp 
pH is low sinze the cause of the unreactive 
FHR and decelerations maybe secondary to 
reversible causes such as cord compression or 
hypertonic uterine contractions or uterine 
hypoperfusion after epidural anaesthesia. The 
advantages are that in utero resuscitation is 
more effictent than neonatal resuscitation and 
an operative dzlivery may be avoided.*” These 
measures nay include stopping an oxytocin 
infusion and/or administering tolcolytics, fluid 
infusion, changing the mother’s position to 
avoid caval compression, and giving facial 
oxygen. H these measures are unsuccessful, 
vaginal de ivery is not imminent and the scalp 
pH is <%-2, delivery by caesarean section 
should be per-ormed. 


Conclusion 

When faced with an unreactive FHR ıt is 
important that the criteria for diagnosis are 
fulfilled. he majority of so called ‘unreactive 
FHR traces’ are only such because FHR 
monitorirg has not been continued for long 
enough. In the antepartum period an un- 
reactive FHR should be investigated as 
quickly as pcssible. In labour the options are 
more limited and testing for fetal acidaemia is 
commonly the only investigation possible. 
However it must be remembered that an 
intrapartum unreactive FHR may be caused 
by antepertum pathology. 

Prompt delivery is the usual therapeutic 
option if the cause of the unreactive FHR is 
thought zo ke pathological, the effects on the 
fetus reversible and non-lethal. 

At present there is no objective assessment 
of FHR other than by computer analysis 
which if ased serially may enable management 
of an unreactive FHR in the antepartum 
period tc be improved. 
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For the future, research should first concen- 
trate on improving the understanding of the 
pathophysiological processes which ultimately 
lead to an unreactive FHR both antepartum 
and intrapartum. Secondly, efforts should be 
directed towards extending the range of inves- 
tigations which are available, especially in 
labour, to obtain a more comprehensive pic- 
ture of the fetal condition. 
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Felix Würtz of Basel (1518-75) and clubfeet 


Peter M Duan 


Felix Würtz. the son of a surgeon in Basel, 
studied in ‘Nuremburg before returning to 
practice in hs Lome town. His paediatric trea- 
tise, first pxblshed in 1563,! was translated 
into English in 1656 as The Childrens Book of 
Felix Wiirte figure). It is clearly based on his 
own experac2 and is amazingly fresh and 
free from tke prejudices of the past. As he 
wrote: ‘I presume not to write of things which 
I never had an experience of; those I leave 
unto wiser men’. 

Witrtz’s book contains a great deal of sound 
and origina. advice, for imstance, on the 
choice of miiwife or wet nurse, on the impor- 
tance of discovering why a baby was crying, 
and on the barm that might be done by tightly 
swaddling the baby, as was the custom at that 
time. He al» warns of the danger of deforma- 
tion should -he baby be always carried on the 
same arm, D> be made to sit or stand too early 
and too lomg. Indeed Wirtz was the first 
author afte- Hippocrates to give advice on the 
managemen- of congenital orthopaedic defor- 
mities. The following section entitled ‘Of 
crooked anc leme children, coming thus into 
the world’ dlustrates his practical experience 
and mastery of the subject. Above all he 
appreciatec the importance of growth in addi- 
tion to postural correction. 


Tt hapnetk that a child is born with crooked 
feet, placed and pressed one upon another, 
and must gc on the ancles if they can . . . they 
usually say that such lame births are caused 
by frights, strang sights, or by carelessness, 
which nurses have to answer for. These 
defects they sey are incurable; it agreeth with 
that saying, nc body maketh himself crooked. 
These idle >ratings causeth and lazy people, 
pretending, if my lame child cannot be cured, 
why shouk I be at expences or taking of 
pains. It is a base and false excuse, because 
experience prcveth it to be otherwise . . .’ 


‘Let no man be neglective if his child be thus 
crooked, a; not to ask counsel about it; 
though all be not recovered which are in such 
cases, yet mazy are cured, if not perfectly, yet 
may they >2 mended in some sort; the which 
I do demonstrate with examples. I have 
dressed a rewborn child, and ordered it with 
splinters a8 I chought fitting, whose feet from 
his mother’s womb stood so, that the child 
stood on tte outside ancle, which with splin- 
ters I brought to right, and that child went as 
straight as any other’. 


‘Therefore observe whether that joint both 
bow and -um easily to the place where it 
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should be, then bind it that way, and cure it. 
Some joints will easily turn and bow, but that 
is not enough; binding is for such a joint the 
better, the growing whereof bringeth forward 
the cure and not the bowing or setting; the 
bowing of it is good, but it is not all, but it 
must be set and laid right also, then the one 
helps the other, and the growth in time is 
brought on; though little amendment is seen 
in a week, moneth, or three moneths, yet a 
whole years time may produce something, and 
in time perfectness comes in’. 


‘No splinter must be too close applyed here, 
neither must they be bound too hard; if too 
hard, and the child cryeth out by reason of the 
pains it feels, then instantly tie it slacker, for 
such pains would cause great mischief: there- 
fore bind such joints softly and gently, accord- 
ing to the place .. . You are to observe exactly, 
when there cometh into any joint, pains, red- 
ness, smartings, blewishness, or collositie, a 
swelling or the like symptome, then it is very 
hurtful and dangerous; for then you have 
bound it too hard, unbind it presently, the 
child’s welfare lyeth therein, if not his life; ... 
at the first you ought to bind it gently, then 
you may soon perceave whether you are or 
may proceed further and more hard in it . 


§eltx Wurte of Basel (1518-75) and clubfeet 


‘When you are to dresse a child’s crooked 
joint, then take my red plaister, which 
groweth stiff and hard, sticketh closely, and as 
you measured your splinters, then take the 
plaister spread on a cloth, apply it on the 
splinters, that it may stick thereunto, and 
cover the splinter well in the inside, then that 
band holdeth fast; for it keepeth the splinters 
so fast together, as a saddle holds firmly which 
is glued together. The over-plus of the plaister, 
which goeth or runneth beyond the splinters, 
you cut off and spread the plaister there on 
the splinters . . . pulled not too hard but gently: 
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it is better they be bound slack a whole week, 
than too hard one hour. Then apply your 
measured splinters, you need but two, and not 
three, four, or more, which other fractures 
require. Then bind this joint as it fitteth in the 
bowing, and let it rest thus bound ten or four- 
teen daies, as you see occasion .. . if the case 
be altered and mended, then your splinters 
and binders must be accordingly altered... . I 
have often practiced it, and had good success 
therein: God be praised forever: Amen’. 


1 Wurtz F Practica der Wundarteney Basel, 1563 
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Stillbirths and nan-ethal 
a mechanism of de=th? 





SR, —While counseing parents who have 
expe-ienced a stillbich of either a chromo- 
somali, abnormal baby cr one with non-lethal 
congesrttal malformaton, we are often asked 
‘But way did the besy die?’ 

Whw do fetuses woh chromosomal abnor- 
malities or congenita malfcrmations that do 
noc involve major za diovascular or cerebral 
defect die in utero? = is sciertifically inade- 
quate merely to attr.bwte death 10 the presence 
cf any congenital malf—rmation as only a select 
few of sach malformat ons can cbviously cause 
death in utero. The later would -nclude defects 
such as cerebral tumurs amd major cardio- 
vascular abnormalities uch a3 transposition of 
the greet vessels, corcduction system abnor- 
malities, large septul defects, ste. Death in 
utero of fetuses with c-ngenital abnormalities 
without any major ozan defects as is the 
situation with some sex-chrcmatin abnorma- 
lities, trisomy 18, achoaciroplesis, spina bifida, 
duodena! atresia, —<nilatecal pulmonary 
agenesis, etc is not sa ezsilv explemed. 

Scudizs have shown that chromosomal 
abnormaitties are 10 tmes mort frequent in 
perinatal deaths than a unselected liveborn 
infants.- * This does net, however, explain the 
mechanism of death ır utero as most of the 
chramosomal abnorma ties detected in peri- 
natal deaths are compatable with survival after 
birth and are not usualy of the types seen in 
early abortions.” 

In a study of fetal -eart rate patterns in 
fetuses with congenial abnormelities, Garite 
et al showed a significam increase of heart rate 
abnormaLties but no characteristic pattern 
that would specifically identify major con- 
genital aonormality.? Mecafee et al had found 
à high -rcidence of growth retardation (46%) 
associated with majar setal malformations.* 
This may suggest 6 form of uceroplacental 
insuffiency and Garite t al postulated that 
abnorma. placentation pcobably accompanies 
abnormal fetal development despite lack of 
histologicel evidence 11 cary cases.* The high 
early miscarriage rate seex with chromosomaily 
abnormal conceptuses probably supports such 
g thecry. “etal cardiac an= neurclogic normalcy 
are perhaps necessary for coordination of 
adequate nutritive and ~espiretozy placental 

2z This theo however, is not 
supported by the findté.g of symmetrically 
small for date babies with chromosomal 
abnormelty associated with adequate liquor 
volume (RK H Nicolaices. perscnal communi- 
cation). 

Ammiotic disrupticns and limb-body wall 


disruptions can cause both external and internal 
malformations that can often be difficult to 
differentiate from malformations due to a 
primary genetic cause. This, however, leaves 
a legion of stillbirths in chromosomally and 
congenitally malformed fetuses where there 18 
no obvious mechanism of death and counselling 
is therefore less than accurate. 
Why do these babies die? 
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Renal candidiasis in the preterm infant 


Siz,—We read with interest the case report 
by Drs Rehan and Davidson of a preterm 
inant with systemic candidiasis and renal 
candida bezoar. They state: ‘to our knowl- 
edge there has been no report of a neonate 
wich candidal septicaemia and renal candidal 
bezoar who has survived without surgical 
intervention.’! We report a preterm infant 
with systemic candidiasis and candida renal 
abscess who not only survived with medical 
menagement alone but at the age of 13 
mcnths has normal renal function. 


Case report 

A boy was born at 25 weeks’ gestation, 
weighing 840 g. He required prolonged ven- 
tilatory support until day 22 and also 
inotropes, two exchange transfusions, a long 
line for parenteral nutrition, and repeated 
courses of broad spectrum antibiotics for 
suspected bacterial sepsis. He also had bi- 
lateral intraventricular haemorrhages and 
developed arrested posthaemorrhagic hydro- 
cepaalus. 

Cm day 45 there was generalised clinical 
deterioration with recurrent apnoeas and 
abdominal distension, requiring reventila- 
tion. A full infection screen was pertormed 
and antibiotics commenced. Three days later 
there was a palpable left kidney and Candida 
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albicans was grown from a suprapubic urine 
and blood cultures. The cerebrospinal fluid 
showed no fungal growth and candida sero- 
logy was negative. 

Renal ultrasound showed a hydronephrotic 
left kidney containing large amounts of 
debris and a discrete fungus ball. The left 
kidney was non-functional on intravenous 
urogram. Antifungal treatment was com- 
menced immediately using intravenous 
amphotericin and intravenous, then oral 5- 
flucytosine. Drug concentrations of the latter 
were monitored and in the therapeutic range. 
Perineal and oral nystatin were also given. 
Treatment was continued for a total of six 
weeks and was well tolerated. Plasma urea 
and serum creatinine concentrations Tre- 
mained normal throughout. There was close 
consultation with the paediatric surgeons—to 
intervene if the fungal debris persisted and 
the kidney remained non-functioning—but 
there was continued clinical, radiological, 
and functional improvement. 

A dimercaptosuccinic acid (DMSA) scan 
4-5 months later showed an anatomically 
normal left kidney contributing 40% of total 
renal function.: Ultrasound revealed a little 
fullness of the left upper pole collecting sys- 
tem only. Subsequent blood and urine cul- 
tures remained sterile. General progress 13 
months later remains entirely satisfactory 
with normal growth and renal function. 


Systemic candidiasis is well documented in 
the very preterm and low birthweight infant 
with a reported incidence of 3—4% in those 
under 1500 g?—and an associated high mor- 
bidity and mortality. Insertion of mdwelling 
intravascular catheters, provision of total par- 
enteral nutrition, and administration of 
broad spectrum antibiotics are associated 
with an increased risk of systemic disease. In 
the neonate C albicans has a particular 
predilection for the kidneys and of those 
reported with renal candidiasis, most have 
been treated by nephrostomy drainage with 
both systemic and local antifungal therapy.’ 
Outcome has largely been monitored in 
terms of survival and there is very little docu- 
mentation of subsequent measurements of 
renal function in those who survive. Here 
then is an infant who has been successfully 
treated with systemic antifungals, without 
surgical intervention and at follow up has 
total resolution of his renal disease. 


1 Rehan VK, Davidso DC. Neonatal renal candi- 
dal bexoar. Arch Dis Chald 1992;67163—-4. 
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Drug abuse in children and adolescents: an update 


Unlike cigarette smoking and alcohol drinking, there are no 
national surveys of drug abuse among children and adole- 
scents in the UK. However, local small scale surveys and 
surveys of special populations from various parts of the UK 
indicate that 5—20% of school age children have ‘ever tried’ a 
drug with 2-5% using weekly or more often, and with a peak 
prevalence around the age of 14-16 years.’ National 
American surveys usually report higher rates. Most dramatic 
in the USA is the increase in cocaine use: in 1985, over 1-1 
million 12-17 year old adolescents had tried cocaine.’ 
However, recent reports suggest that there may be some 
decline.? Overall about 5% of adolescent drug abusers in 
the USA meet the criteria for ‘dependency’,* with multiple 
drug abuse being the rule rather than the exception.” 

The age at which adolescents start drug taking is getting 
lower: an average of 13-15 years. Girls are less likely to use 
drugs and start later than boys. Once they start, however, 
their use is more committed.® Earlier illicit drug abuse is 
often associated with heavier subsequent drug abuse,’ more 
persistent abuse,® and the abuse of ‘harder’ drugs.’ Further- 
more, starting to abuse illicit substances before the mid- 
teens is more likely to be associated with later delinquency, 
severe psychiatric disorders, and antisocial problems.’ 

Drug abuse is notoriously influenced by social and 
cultural factors such as social milieu, availability and 
legislation. Although adolescents can be involved in the 
abuse of any drug, they tend to be more involved in the 
abuse of volatile substances, cannabis, amphetamines, 
hallucinogenic substances, and ‘pills’ such as tranquilisers 
and hypnotics. Drug abuse is commonly associated with 
higher rates of alcohol use and cigarette smoking. 


Who is at risk? 

Drug abuse should now be suspected in preadolescents as 
well as adolescents. It can account for the physical mani- 
festations and psychological disturbances seen in many 
youngsters. There are some children who should be 
perceived as being ‘at higher risk’ of drug abuse: children of 
substance abusers, victims of physical, sexual or emotional 
abuse, school drop outs, pregnant teenagers, economically 
disadvantaged children, delinquents, and those with mental 
health problems.* Some ‘relative risk factors’ that would 
help in raising the level of suspicion of drug abuse were 
identified.” The most significant indicator is peer drug 
abuse. However, other factors such as truancy, conflict with 
parents, law infringements, misbehaviour at school, alcohol 
use, and cigarette smoking are also indicative. The level of 


suspicion is directly related to the number of risk factors 
present. 


Psychopathology 

The relationship between psychopathology and drug abuse 
is very complex and still poorly understood, and the 
mechanism by which the two interact has not progressed 
much beyond establishing associations. The complex nature 
of psychopathology during adolescence poses an added 
difficulty in studies in this area. Longitudinal studies are 
necessary to unravel the picture. 

Drug abuse in adolescence is commonly associated with 
inappropriate sexual behaviour, delinquency, school and 
social misbehaviour, and poor academic performance.'! '* 
Higher rates for psychosomatic complaints, anxiety, in- 
terpersonal conflict, social dysfunction,’* depressive 
symptoms,'* and suicide!’ were reported among drug 
abusers. This led to the suggestion that drug abuse may, 
indeed, start as a form of self medication to relieve 
emotional distress.'© Swadi carried out a cluster analysis of 
46 referred adolescent drug abusers and found that there 
were three groups.’” First, there was a behavioural dysfunc- 
tion group making 76% of the sample, consisting mainly of 
boys, with an average age of 14 years with high rates of 
behavioural problems and adverse family dynamics. Almost 
half of them also showed depressive symptoms. Second was 
a family dysfunction group making 16% of the sample, 
consisting mainly of boys, with an average age of 13-5 years, 
and an abundance of adverse family dynamics. To a lesser 
extent, they also showed a mixture of emotional and 
behavioural symptoms. Third, was a life events/emotional 
dysfunction group making 8% of the sample, consisting 
mainly of 15-16 year old girls who showed high rates of 
significant and adverse life events. They showed significantly 
higher rates of emotional (especially depressive) than 
behavioural symptomatology. No adverse family dynamics 
were reported in this group. 


Physical manifestations 

Drug abuse can account for many physical manifestations in 
adolescents. A detailed account of the physical effects of 
specific substances is beyond the scope of this review and 
available elsewhere.'® However, drug abuse should be 
suspected when symptoms of sudden psychological change 
or deterioration of physical health are encountered, especially 
in particular groups of adolescents. Abuse of volatile 
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sutstances accoumts cr about 100 deaths each year in the 
UK.” Death asuell- results from anoxia, cardiac 
arrhythmias, resciratorr depression, or trauma. Chronic 
adus2 can cause symptoms of central nervous system 
depression, upper respiratory tract 1fections, persistent 
couzi, and laryngitis and can cause cardiomyopathy, liver 
damege, or kidney damage. Stimularts such as ampheta- 
mines cause automom:c =rousal, sleep Gisnurbances, loss of 
weight, and in large doses, toxic confusional state. Cannabis 
often causes sweating, tachycardia, rd peripheral vaso- 
dilatation. Opiate. ceuse constipation. Clouding of con- 
sciousness, nausea and vomiting, respiratory depression, 
and bradycardia. Some substances suck zs amphetamines 
and caanabis car. cause toxic psychotic states, indistinguish- 
able from schizophrenia. 

The physical manifestations of a w.thdrawal syndrome 
are uncommon in ejoleszents because the syndrome of drug 
depencence itself & urccmmon. If they occur, withdrawal 
symptcms deperd on the type of subs:arce abused. For 
exemple, gastrointsstimal and ‘flu’-like symptoms occur in 
opiate withdrawal; central nervous system excitability and 
even convulsions i= bartiturate withdrawal; and lethargy, 
depression, and pocz concantration in stimulants withdrawal. 
Cocaine withdrawal cazses psycholcgicel rather than 
physical symptoms 


Course and outcome 

The majority of adit ‘addicts’ start in their ~eens,”° but it is 
not yet possible to Zesczibz the ‘course’ cf adolescent drug 
abuse accurately, Only £ small proportion ‘progress’ to 
addiction. A natural ‘maturational process’ was suggested as 
a most lixelv outcore fcr most adolescent abusers. ' Those 
who dc not ‘mature out ould eventually form the core of 
future edult addict. Ec~ever, it is mot vet possible to 
predict with confidenc2 who would matre out. Some 
suggest that a conventicne. social role and < social context 
unfavouzable to drugs prez:ct early cessation Furthermore, 
the degree of prior abis2 and peer abuse of drugs are 
influential in future abuse. Those whe atuse drugs for 
psychelcgical reasom are lass likely to stop than those who 
abuse for social reascas.?' 

Untreated, drug a-usecs are at risk of continued (possibly 
dangerous) use and high rates of psychiatric and social 
problems,”? with agzregsizn, antisocial behaviour, occu- 
pationel, and marital probl=ms being most common. There 
is also the increased risk of HIV infecticr. associated with 
the risky lifestyle druz atus.ng adolescents lead and the use 
of contaminated neecles in some drug alusers. Adolescent 
drug abusers are mere likely to have uaorotected sexual 
intercourse after drug use“ 


Future directions 

Given the uncertainty atcwt the course of drug abuse in 
adolescents, there has bzez a natural saft to put more 
emphasis on preventon. The ‘epidemic neture of drug 
abuse suggests that Drevremtion should 32 both primary 
(prevention of initiation: znd secondary (prevention of 
progression to more Tazercsus patterns aad continuation 
into adulznood). 

There is an increesimg r2c-gnition that s2condary preven- 
tion in the form c? tree~ment is necessary. Current 
counselling services Lave g useful but imatequate role as 
there is much more > the mreatment of drug abuse than 
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counselling. Adult treatment services are by nature and 
design not suitable for adolescents. Special treatment 
facilities for adolescents have gone a long way in the USA 
but are virtually absent in the UK. There is a good case for 
special services given the extent of the problem and its 
specialist nature. 

It is now well established that drug education, in many of 
its known forms, is ineffective with only very modest results 
at best.” In view of the increasingly younger age of 
initiation into drug abuse, there is a strong case for 
introducing drug abuse prevention programmes at a younger 
age. That would require a rethink of prevention strategies 
with a move away from the didactic instructional methods 
currently employed and the adoption of a holistic approach 
towards the issue of health and behaviour in adolescents. 
Ideally, prevention should aim at total abstinence. However, 
as second best it may be useful to delay the onset of regular 
drug use as much as possible; this would spare the 
adolescent some of its worst effects ın terms of more 
dangerous patterns of use and psychological and social 
adverse consequences. 


HARITH SWADI 
Department of Child and Adolescent Psychiatry, 
Unued Mea:cal and Dental Schools 
of Guy’s and St Thomas’s Hospital, 
St Thomas’s C : 
London SE! 7E 
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Consent to treatment in childhood 


The ability of children to give a legally valid consent to 
medical treatment has been a vexed one ever since the matter 
was addressed by Parliament in the Family Law Reform Act 
of 1969.! * This legislation, which was far from clear in its 
scope stated that a child could consent to medical or surgical 
treatment on attaining the age of 16 years, but said nothing 
as to the ability of children under that age to consent. Then 
came the case of Gullick v West Norfolk and Wisbech Area 
Health Authonty,? a case which addressed the issue of 
whether doctors could prescribe contraception to a girl 
under the age of 15. The decision reached by the House of 
Lords in this case was that the provision of treatment to a 
child under 16 was legal, provided that the patient under- 
stood the nature of the proposed procedure. This was in line 
with an earlier Canadian case, which had linked the 
capacity of children to consent with the concept of 
individual ability to understand the implications of medical 
treatment. On the basis of the decision there came into 
existence a standard known as ‘Gillick competence’, which 
appeared to settle the matter, at least to an extent. Yet the 
Gillick test is not without its grey areas, and indeed the 
courts have continued to pronounce on the issue. 

The basic outlines of the law of consent in this context are 
as follows: 

(1) As far as consent is concerned, children are special for 
two reasons: they may not have the capacity to consent, and 
the wishes of parents have to be taken into account. A 
decision as to the medical treatment of a child under the age 
of 16 inevitably involves some consideration of parental 
wishes, even if parental views are eventually overridden. 


(2) Children who are too young to understand the 
implications of treatment cannot give a valid consent to 
treatment. In the case of such children, the doctor must 
obtain the consent of the parent to the treatment proposed. 
If the parent consents, then the doctor is entitled to proceed 
with the treatment even if the child himself or herself 
objects to what is being done. 


A, a 10 year old ıs admitted to hospital with acute abdominal 
pain. A diagnosis of appendicitis ıs made and A 1s informed that 
he must have an operation. A says that he does not want an 
operation and is adamant that nothing will be done to him. Once 
parental consent 1s obtained, treatment may proceed. If the 
parent is not available to give consent, hospital authorities are 
justified in such e case in proceeding on the basts of necessity, on 
the grounds that the operation cannot reasonably be delayed untl 
the parent ıs traced or the authorisation of a court sought. 


In this example, if the parent declined to give consent to 
the operation (for example, on grounds that a blood 
transfusion might be required and this offends the religious 
scruples of the parent, permission to perform the operation 
might be sought from a court). If there is no time for this to 
be done, and the matter is one of urgency, necessity justifies 
the carrying out of the procedure and the chances of a court 
ever holding this unjustified are effectively nil. 


(3) The obtaining of parental consent to the treatment of 
children who are too young to give a valid consent 
themselves is important, and will normally be required, but 
there are cases where the wishes of the parent will not be the 
deciding factor. This may be so, for example, where a 
decision has to be made about the treatment to be given toa 
grossly handicapped or chronically sick infant. Here the fact 
that parents do not wish the child to be treated is not 
necessarily going to commit the doctor toa regimen which ts 


calculated to do no more than palliate suffering. It may be 
that a parental veto of treatment in such a case should be 
ignored in the child’s best interests, although doctors may 
be advised in such a case to seek court approval. 

Over the last few years the courts have clarified the 
position in this sort of case, giving useful guidance to 
doctors involved ın the treatment of infants in this category. 
The first of this series of case was that of Re B,* decided 
over a decade ago. B was a baby with Down’s syndrome who 
required an operation for the removal of an intestinal 
blockage. The parents took that view that this was nature’s 
way of dealing with the abnormality and declined to give 
consent to the operation. Medical evidence was put before 
the court that B’s life expectancy was between 20 and 30 
years, and the court decided to authorise the procedure on 
the grounds that these years were a life to which B was 
entitled, even if she was to live them under the shadow of 
mental handicap. The more recent case of Re C,’ however, 
involved a very different prognosis. C at the time of the 
hearing was a 16 week old baby suffering from congenital 
hydrocephalus. The medical evidence put before the court 
was gloomy in the extreme: C would never develop any real 
intellectual ability; she would be unable to lift her head or 
communicate, and she was not expected to live to adole- 
scence. In these circumstances the court authorised treat- 
ment that was directed only towards the relief of suffering 
and agreed that treatment for the prolongation of life was 
not required. C was a ward of court, and there was no 
conflict with parental wishes, but the case is none the less 
important in this context in that it demonstrates the sort of 
case where a parental decision not to authorise life prolonging 
treatment would be upheld. Parents do not have the right to 
deny treatment to children who have some prospects of at 
least some quality in their lives, but they do have a right to 
prevent a child from being treated in a way which will only 
prolong considerable misery. This has recently been further 
supported by the decision of the Court of Appeal in Re 7° ın 
which an unsuccessful attempt was made by the Official 
Solictor to seek a ruling that the demal of life saving 
treatment was never justified where a child had been made a 
ward of court, even if the life saving treatment would only 
serve to prolong a severely limited life. 


(4) Where children have the ability to understand the 
nature and implications of medical treatment, their consent 
renders treatment legal. The assessment of competence is a 
matter for the doctor and obviously there will be room for 
doubt in individual cases. In determining whether a child is 
mature enough to consent, a doctor must bear in mind what 
a reasonably competent doctor in his position would be 
expected to decide in the situation. Thus a doctor who 
formed the opinion that an 8 year old—even an intelligent 8 
year old——was capable of understanding the full implications 
of a surgical operation would be running a distinct rsk. By 
contrast, a doctor who decided that an intelligent 15 year 
old girl understood the implications of chemical contracep- 
tion would no doubt be widely supported. But what about 
the ability of a 13 year old girl to understand the 
implications of contraception? This is more controversial, 
but perhaps not so marginal as to make a medical 
assessment of capacity m such a case unlikely to be 
supported. 


(5) Finally, there is the difficult case where a child under the 
age of 16 withholds consent to a medical procedure, 
although he or she would be judged to have the capacity to 
consent to it. This issue has now been raised before the 
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courts in Re R,” € cese involving a 15 year old girl suffering 
from episodes of psychotic illness. The girl’s refusal to con- 
tinue with drug treatrent, articulated during a period of 
lucidity, was overruled by the court on a variety of grounds. 
Lord Donaldson said in his judgment that where there was 
more than one p2rson or body who could give consent, 
treatment would 5e vetoed only where all those who could 
conser: had refused to de ic. A parent has a right to consent to 
the treatment of a minor, and this right lasts as long as 
minority does (tha: is, until the age of 18 years). This would 
appear to suggest that < competent child (that is, a child cap- 
able cf understancing -he implication of what is being pro- 
posed) who declined treatment might still be treated legally 
if either the parent ccnsents or the court exercises wardship 
authority and authorises treatment. The court in Re R point 
aut, however, that the consent of the parent in such a case 
would not mean that -he treatment had to be given; the 
minor's wishes should carry great weight in the doctor’s 
decision making. This is rather difficult to square with 
current notions af adolescent competence, and indeed with 
the philosophy unclerl7mg the Gillick decision. For this 
reason 1t is possible that a future court, faced with such a 
conflict, would restrict the application of the principle 
suggested in Re R ro those cases where (i) the rationality of 
the ch-kd is in doubt “and where there would therefore be 
doubt as to capacity), cr where (it) the child is considered 
too young to make an mformed decision. There is no real 
difficu-ty in holding that a 14 or 15 year old who places his 
or her life in jeopardy by refusing treatment is too young to 
have the capacity to make a decision of that significance. 
This may be done on the grounds that a refusal of treatment 


Molluscum contagiosum 


Molluscum contagiosum is a self limiting cutaneous viral 
infecticn, especiall7 ccmmon in children. It produces 
characteristic pale puptules, which usually cause little 
discom ort. Indeed Zor most patients, attempts at treatment 
and limtation of activicizs associated with spread of the 
infectioc. may carse greater distress. 

Molluscum contagicsim virus (MCV) belongs to the 
poxviridae; like other members of this family it is a DNA 
virus which replicates in zhe cytoplasm of the host cell and is 
especially adapted to ep.dermal cells. The only significant 
host is man and MCV cennot be grown in tissue culture or 
eggs. Restriction endonuclease analysis permits classification 
of MCV into at leas: two types, named | and 2, of which 
type 1 is much the commoner, but there is as yet no con- 
sistent evidence relating the virus type to the clinical appear- 
ence of the lesions oz to their anatomical distribution.’ ? 


Epidemiology 
Infection follows contact with an infected person or 
contamutated objects. It is assumed that epidermal injury 
facilitates inoculation: of the virus, but infection of intact 
skin may also be pcssib.e. In hot countries, where close 
contact between ligat?y clad children is frequent, molluscum 
contagiosum is commonest in young children, the incidence 
peaking for example in =i: between the ages of 2 and 3 
years.’ In more develcped countries the infection is 
commoner in school age ca:ldren and correlates with the use 
of swurming pools’* although the precise mode of 
transmission in this situction is unknown. In a Japanese 
study icvolving over 7.000 children, the incidence of 
molluscum contagiosim was 7:5% among swimmers and 
3-6% amang non-swinimecs. 

In adults transmission >2tween sexual partners is recog- 
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requires a greater degree of capacity than the giving of con- 
sent does. 


(6) Scotland is different, and the basic question of ability 
to consent is resolved in a recent statute. Under the Age of 
Legal Capacity (Scotland) Act, 1991, a child under the age 
of 16 may give a valid consent provided that, in the opinion 
of a mecical practitioner, he or she is capable of understand- 
ing the nature and possible consequences of the procedure or 
treatment. Two points might be made: the determination of 
competence is left entirely to the doctor, and nothing is said 
about the case of a competent child who withholds consent. 
In the latter case, if there were a serious threat to the child’s 
health, the courts would probably override the child’s 
refusal on the grounds suggested above, namely that 
consent and refusal involve different degrees of capacity. 
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nised, and such infections usually occur on genital, perineal, 
pubic, anc neighbouring skin. Transmission of molluscum 
contagiosum to a child during sexual abuse must be possible 
in principle, but does not appear to have been recorded. 
Innocently acquired childhood molluscum contagiosum is 
often. widespread and lesions are frequently seen on and 
near genital and perineal skin. Therefore sexual transmis- 
sion of molluscum contagiosum to a child should be 
suspected only if there is other evidence of sexual abuse. 


Immunity 

Specific artibodies against MCV can be detected in the 
majority of infected patients, but their biological significance 
is unknown. The importance of cell-mediated immunity is 
inferred’ from occasional reports of widespread infections in 
patients immunosuppressed by disease or on immuno- 
suppressive treatment and especially those with HIV 
infection. Atopic eczema and use of stronger topical 
steroids are sometimes associated with more widespread 
infections. 


Natural history 

The incubation period is estimated at between two weeks 
and six months, though the source of infection is seldom 
reliably identified. In the immunocompetent patient, 
individual lesions regress mostly within two months, 
although solitary lesions may persist for up to five years. 


New lesions may be due to virus acquired at the time of | 


initial infection, but are probably more commonly due to 
autoinoculazion. The whole infection clears usually within 
sıx to nine months, but occasionally persists for a few years. 
Lesions may appear after apparently successful treatment, 
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Molluscum contagiosum 


and ıt is suggested that a lesion free period of four months 
should be required before the patient can be regarded as 
cured. Reinfection is possible but uncommon. 


Clinical features 

Molluscum contagiosum may affect any part of the skin 
surface, but it is rare on palms, soles, and mucous 
membranes. Lesions are typically spread over an anatomical 
region such as an axilla and adjacent arm and chest wall, or 
perineum and upper thighs, but sporadic lesions may be 
more widely scattered presumably due to autoinoculation. 
In patients with HIV disease and AIDS, multiple and 
refractory lesions are particularly common on the face. 

The lesions of molluscum contagiosum are typically 
shiny, pale hemispherical papules, 2 to 5 mm across, often 
with a central pore or dimple (‘umbilication’). Careful 
inspection may reveal tiny papules in adjacent skin, best 
seen with a hand lens. Larger lesions occasionally occur, 
especially if solitary. The clinical appearance is usually 
diagnostic. The expression of thick white (‘cheesy’) material 
from the centre of the lesion, for example by squeezing with 
forceps laid across the skin surface, would be corroboratory, 
but is seldom appreciated by young children. Atypical, 
usually solitary, lesions may be diagnosed histologically 
after curettage. 

Resolution, spontaneous or after self induced or thera- 
peutic trauma, proceeds through an inflammatory phase 
with erythema and crusting, often resulting in a small super- 
ficial scar. Disrupted lesions bleed, sometimes profusely. 
Eczema in adjacent skin is occasionally seen, and is com- 
moner and more marked in those with atopic eczema. Con- 
junctivitis may accompany eyelid lesions. 


Treatment 

Affected patients should be advised to avoid contact sports, 
swimming pools, and shared baths and towels until the 
infection is clear. 

Molluscum contagiosum lesions are vulnerable to physical 
damage; anything which disrupts an individual lesion will 
lead to its resolution. Scratching by the patient often helps 
in this way, although spread of the infection may occur. 
Superficial curettage, shaving with a sharpened wooden 
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spatula, and expression of the body of the lesion by forceps, 
have all been used. Such methods are usually followed by an 
application of a silver nitrate stick, phenol, or strong iodine 
solution. Chemical methods alone, however, are seldom 
useful. If cryotherapy is available it is now regarded as the 
treatment of choice. Briefer freezes are required than for 
warts of a similar size. Because of the likelihood of 
subsequent development of further lesions, several treatment 
session two to four weeks apart should be anticipated. The 
degree of pain caused by this relatively gentle cryotherapy ts 
variable, but it is unlikely to be tolerated by most children 
under 10 years of age. The prior use of a topical local 
anaesthetic such as EMLA cream containing lignocaine and 
prilocaine (Astra) often helps.’ Large solitary lesions may 
be. removed by curettage and diathermy after injection of 
local anaesthetic, permitting histology if required, but such 
lesions are rare in-children. A weak, or occasionally medium 
strength, topical steroid may be used for associated eczema. 
Secondary bacterial infection may require an appropriate 
antibiotic. 

In young children, especially if the molluscum contagiosum 
affects difficult sites such as eyelids, attempts at treatment 
may be frightening, and it is best in these circumstances to 
reassure the parents that the infection 1s not serious and will 
eventually resolve spontaneously. 
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Effects of oral and intramuscular vitamin K 
prophylaxis on vitamin K,, PIVKA-II, and clotting 
factors in breast fed infants 


M ‘Cornelissen, L A A Kollée, R A De Abreu, 


tA 
3 Verbruggea, L A H Monnens 


Abstract 

A randomised clinical trial was conducted to 
establish the effects of oral and intramuscular 
administration of vitamin K at birth on plasma 
concentrations of vitamin K,, proteins induced 
by vitamin K a>sence (PIVKA-I), and clotting 
factors. Two grcups of about 165 healthy 
breast fed infants who received at random 
I mg vitamin K, orally or intramuscularly 
zfter birth wer2 studied at 2 weeks and 1 and 3 
months of age. Although vitamin K, concen- 
trations were statistically significantly higher 
in the intcamuscular group, blood coagul- 
zbility, activities of factors VII and X and 
FIVKA-TT concentrations did not reveal any 
ifference be:ween the two groups. At 
Z weeks of age vitamin K, concentrations 
vere raised compared with reported 
umsupplemented concentrations and no 
PIVKA-I was detectable. At 3 months vita- 
min K, concen-rations were back at unsupple- 
mented values anc. PIVKA-I was detectable 
m 11-5% of infants. Therefore, a repeated oral 
prophylaxis wil b2 necessary to completely 
p-event (bsochzmiral) vitamin K deficiency 
b2vond the age of 1 month. 


(rch Dis Child 1392,57:1250-4) 


“tamin K def.ciency is associated with hae- 
rrorrhagic disease- of the newborn. Three 
patterns of bleedinz have been differentiated: 
ezrly haemorrkagic disease of the newborn 
vathin 24 heurs after birth, classical on days l to 
7- and late after the first week of life." Late 
czsease is often iatracranial. These haemorrhages 
ray be fatal or cause serious morbidity. Breast 
fæding has an impcrtant role in the pathogene- 
sis of classical and late disease.' Many countries 
recommend vitemin K prophylaxis after birth 
t= prevent this kazard of vitamin K deficiency. 
Nevertheless, there are still controversies con- 
cerning the best way of providing effective 
prophylaxis, resulting in different policies. The 
safety of oral and pzrenteral vitamin K prophy- 
laxis in the prevention of classical haemorrhagic 
dsease of tae mewborn has been established, 
wniereas the relationship between a single 
vicamin K dose at birth and late haemorrhagic 
disease of the newborn has not been clearly 
determined.’ * Several studies have indicated 
that oral prophvlaxis might be as effective as 
incramuscular administration, but these studies 
lack follow up teyond the first week of life.*~° 
Epidemiological y, intramuscular vitamin K 
prophylaxis appears to have a lower incidence of 
fa lure,°* probably >ecause of the more reliable 
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absorption.* Oral administration has the appeal- 
ing characteristics that an injection is avoided 
and that administration is simple, resulting in 
better parental acceptance. 

The aim of this study was to evaluate whether 
oral administration of vitamin K is as effective 
as intramuscular administration in the prevention 
of vitamin K deficiency beyond the first week of 
life in breast fed infants. Determination of 
proteins induced by vitamin K absence 
(PIVKA-I) was used to detect biochemical vita- 
min K deficiency. Vitamin K is necessary for 
production in the liver of coagulation factors II, 
Vit, IX, and X. The vitamin K dependent 
carboxylation of glutamic acid residues to y- 
carboxyglutamic acid residues promotes calcium 
binding to these proteins which is essential for 
effective haemostatic function. When car- 
boxylation is impaired because of deficiency or 
antagonism of vitamin K, inert precursors of 
prothrombin (factor II) are detected in the 
blood.” These are known as PIVKA-II. In 
formula fed infants and adults PIVKA-II is not 
detectable, but it is found relatively frequently 
in breast fed infants without vitamin K pro- 
phylaxis at birth.'° Although biochemical 
markers of vitamin K deficiency are only of 
limited value in assessing clinical relevance, 
they provide a most sensitive way to determine 
which group of infants is at risk for haemorrhagic 
disease of the newborn. 


Subjects and methods 

A total of 331 mfants, delivered spontaneously 
vaginally, in the University Hospital of Nijmegen 
or at home under midwife guidance, were 
enrolled. Inclusion criteria were: gestational age 
of 37 weeks or more, birth weight over the 
2°3rd centile, and Apgar score of 7 or more at 5 
minutes. The mother had to be healthy and not 
be taking vitamin K, anticoagulants, antibiotics, 
or antiepileptic drugs. All mothers intended to 
breast feed their child. After the parents had 
given informed consent the neonates received 
vitamin K prophylaxis on the first or second day 
of life. The newborns were randomly allocated 
to one of the two treatment groups. One group 
(n=165) received 1 mg vitamin K, orally (1 mg/ 
ml phytomenadione, Konakion, Hoffman-La 
Roche). The other group (n=166) received 
l mg vitamin K, intramuscularly (Konakion 
2 mg/ml). Some characteristics of the infants are 
represented in table 1. No feature was signifi- 
cantly different between the groups at the 
beginning or at other times during the study (x? 
and Student’s t test). 


Effects of oral and intramuscular vuamin K prophylaxis on vitamin K,, PIVKA-I, and clotting factors n breast fed infants 


Table 1 Comparison of the two study groups of healthy breast fed infants; results are mean 
(SD) 


No of infants 
Sex (% male) 
Gestational age (weeks) 


Birth weight (g) 


Apgar score at 5 min 


Arterial cord blood pH 


Age at vitamin K administration (hours) 


Follow up assessments: 


Age at Ist venepuncture (days) 
Age at 2nd venepuncture (days) 
Age at 3rd venepuncture (days) 


Activity (%) 


3 


& 


8 


TT 


Ml Oral 





Oral group Intramuscular group 
165 166 
55°8 47 0 
39-8 (1 3 40-1 (1 2) 
3424 (439) 3417 (440) 
9:7 (0 5) 97 (06) 
7°26 (0 7 26 (0-07) 
19-9 (12 7) 13-6 (13 5) 
14 1 (1:2) 14 0 (1 3) 
305 (1 8 305 (1 8) 
88-6 (5: 89 5 (5-6) 


If the child was still exclusively breast fed, 
blood was sampled at 2 weeks and 1. and 
3 months of age. In other words, when the 
mother stopped breast feeding follow up was 
terminated. A sample of 5 ml of blood was 
drawn by venepuncture and divided: 2 ml of 
citrated blood (in silicone coated tubes contain- 
ing 10% (v/v) of sodium citrate 3:8%) and 3 ml 
of coagulated blood with no additive. After 
measuring blood coagulability (Thrombotest, 
Nijegaard and Co), the citrated blood was 
centrifuged (S000 rpm for 10 minutes) and the 
plasma stored at —70°C until coagulation para- 
meters were determined. The coagulated blood 
was protected from the light immediately after 
sampling, centrifuged (3000 rpm for 5 minutes) 
and the serum stored at —20°C for vitamin K, 
determination. All samples were coded to 
provide blind analysis. 

Activities of clotting factors VII and X were 
measured by chromogenic substrate assay, with 
substrate $2765 (Coa-set FVII kit, Kabi Diag- 
nostica) and substrate $2337 (Coatest FX kit, 
Kabi) respectively. These methods are not 
sensitive to PIVKA factors. 

PIVKA-II was assayed by an enzyme linked 
immunosorbent assay, using a monoclonal anti- 
body previously described (Eitest mono P-II 
Eisai).'' This antibody reacts with decarboxy- 
lated prothrombin (PIVKA-II) quantitatively 
and does not cross react with native prothrombin. 


C] SD 


EE intramuscular 


Factor Factor TT Factor Factor TT Factor Factor 
Vi x Vil x Vii x 
2 weeks 1 month 3 months 
Age 


Figure] Mediar (SD) of blood coagulability (Thrombotest, TT) values and actromes of 
dr is actors VII and X m breast fed infants at 2 weeks, 1 month, and 3 months of age 

after et 
percentage of normal adult pooled plasma. 


oral or intramuscular vitannn K prophylaxis at birth Values are expressed as a 
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PIVKA-II concentrations are expressed in 
arbitrary units (AU)/ml, so that 1 AU corres- 
ponds with 1 ug of purified prothrombin. In 
severe vitamin K deficiency PIVKA-II can 
amount to more than 20 AU/ml. The detection 
limit of 0°10 AU/ml was used as the upper 
normal limit, defining PIVKA-II concentrations 
higher or lower than that concentration as 
PIVKA-II positive or negative, respectively. 

Vitamin K, was extracted from 1 ml serum 
samples by a two step high performance liquid 
chromatographic (HPLC) procedure, according 
to the method of Lamber et al. ? © A few 
modifications were applied. The assays were 
performed with two Spectra Physics SP8800 
systems equipped with Rheodyne 7125 manual 
injectors, with 100 ul sample loops. Vitamin 
Kgs) was used as an internal standard. The 
first HPLC step was used for preseparation of 
vitamin K, and Kis) “On a microspher-Si 
column (Chrompack). Locations of vitamin K; 
and internal standard were detected with a 
variable wavelength detector model 770 (Spectra 
Physics) set at 248 nm. Final separation and 
quantification were performed during the second 
HPLC step, using a microspher-C18 column 
(Chrompack) and postcolumn chemical reduc- 
tion with tetramethylammonium-octahydrido- 
triborate for fluorescence detection (A,,=325 
nm, Awm=450 nm) with a Waters 470 fluore- 
scence detector (Waters, Millipore). Concentra- 
tions were calculated from relative peakheights 
of vitamin K, versus known amount of internal 
standard. Recovery of vitamin K, from standard 
solutions added to normal serum was 85+5%, 
with a detection limit of 45 pg/ml. 

In all PIVKA-II positive samples and in about 
30% of other samples alanine aminotransferase 
was determined (normal <40 U/l). 

For statistical calculations y’, Student’s t, 
Mann-Whitney U, and Wilcoxon’s one sample 
tests and Spearman’s rank correlation coefficient 
were used where appropriate. 

The study was approved by the local medical 
ethical committee. 


Results 

None of the infants had clinical symptoms of 
bleeding diathesis or severely disturbed 
coagulation parameters. 

The decrease in number of infants studied 
during follow up is caused by frequent stopping 
of exclusive breast feeding before the age of 
3 months. Some values are missing due to 
sampling errors. The number of samples studied 
is stated where different. 

Results of coagulation tests are shown in 
fig 1. Blood coagulability and activities of 
clotting factors VII and X revealed no difference 
between the two groups at any of the ages 
(Mann-Whitney, p>0-05). As is to be expected, 
a rise in activity between 14 and 30 days of age 
was found for these coagulation parameters 
(Wilcoxon, p<0-01). 

Results of PIVKA-II determination are 
represented in table 2. Two weeks after birth 
PIVKA-II ‘could not be demonstrated in any of 
the 285 infants studied. At | month PIVKA-II 
was detectable in four out of 262 infants: one in 
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Table 2 Presence of PIVKA- (20:10 AU/ml) ın breast 
Ted infants o; diff-ren: ages after either oral or intramuscular 
mtamm K tropkvlaxe at birth 


significantly higher than that of 815 (414) pg/ml 
in the oral group (n=74) (Mann-Whitney, 
p<0-0001). At 1 month of age the concentration 


Time after berth was still significantly higher in the former 
2 weeks? month. 3 months BTOUP: 615 (272) pg/ml (n=84) v 391 (207) 
Sea Gate. Ge aes pg/ml (n=94); p<0-0001. Remarkably, at 
intramuscular grouo  0fn=140) In=127  8(n=63) «>. Months of age concentrations were still 


zhe intramusctlar zroup (0°8%) and three in the 
oral group (2:2%). PIVKA-II concentrations 
ranged from 0-10 D 0°47 AU/ml. The difference 
im percentages of positive samples after oral 
compared witk intramuscular administration is 
not statisticall7 significant (y’, p=0°34). The 
95% conficence in-ervals of the difference were 
—1:5 to 43%. At 3 months of age PIVKA-II 
could be detected in 15 out of 131 infants: seven 
m the oral group (10°3%) and eight in the 
mtramuscular 2roup (12°7%). The 95% confi- 
dence interval ef tke difference between the oral 
end intramuscular group was —13-°3 to 8:5% 
(p=0°67). PIVKA-II concentrations ranged from 
C10 to 0-32 AU/ml. 

Vitamin K; slasma concentrations decreased 
significantly durinz follow up in both groups 
(Wilcoxon, p<2)-001); fig 2). At 2 weeks of age 
the mean (SC) concentration of 1608 (873) 
pg/ml in the imtramuscular group (n=64) was 





ma Oral 
C Intramuscular 


Vitamin K., (pg/ml) 


3 months 


1 month 
Age 
Fgure2 Mecn(S)) cutammn K, plasma concentranons in 


2 vreeke 


breast fed infants at 2 weeks, 1 month, and 3 months of age 
Se ee PTAR C rane enue ae at 


slightly different: 329 (186) pg/ml (n=57) v 268 
(174) pg/ml (n=62); p=0-03. Plasma concentra- 
tions of vitamin K, did not correlate with sex, 
gestational age, birth weight, Apgar score, or 
arterial cord blood pH, nor with blood coagul- 
ability, activities of factor VII or X, or PIVKA- 
IJ concentration. 

In table 3 individual results of PIVKA-II, 
blood coagulability, factors VII and X, vitamin 
K,, and alanine aminotransferase determinations 
are shown for the infants positive for PIVKA-I. 
Values for blood coagulability and factors VII 
and X were not different from infants negative 
for PIVKA-II. Similarly, vitamin K, concentra- 
tons were not extremely low. At 3 months of 
age mean (SD) vitamin K, concentration in the 
infants positive for PIVKA-II was 221 (74) 
pg/ml compared with 312 (191) pg/ml in the 
infants negative for PIVKA-II (Mann-Whitney, 
p=0-16). Results of the alanine aminotransferase 
determinations indicate that liver dysfunction is 
not a major cause for the appearance of PIVKA- 
H. No relevant correlations between the con- 
centration of PIVKA-II and other parameters 
could be detected. 


Discussion 

Concentrations of vitamin K, in blood vary 
widely, according to the diet of the subject and 
the method used. The reference range reported 
for fasting adults, measured by a technique 
comparable with ours, ranges from 62-980 pg/ 
ml.'* The reference range for neonates and 
infants is still unknown. Mean plasma concen- 
trations in healthy breast fed infants of 1 month 
of age without vitamin K prophylaxis are 
reported to be 500-700 pg/ml. !° '° Formula fed 
infants have much higher concentrations of 
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Group gE PIVKA-II Blood Factor VII" Factor X* Vuamm K, Alanine 
(months) (AU/ml) coagulabtlity* (%) (%) (pg/ml) amunotransferase? 
(%) U/l 
Oral l 0-47 90 44 57 ł 21 
Oal l 0 16 70$ 77 47 189 15 
Oral l 0 12 >100 43 243 6 
IM I 0 10 >100 74 51 436 23 
IM 3 0 32 >100 99 52 190 20 
IM 3 0°31 100 85 61 220 58 
Iri 3 0 29 >100 6l 52 238 31 
Oral 3 0 28 >100 70 47 140 16 
Oral 3 0 22 >100 66 51 125 13 
IM 3 0-19 >100 95 74 328 17 
IK 3 014 65$ 78 48 357 26 
IM 3 0-14 >100 62 54 235 8 
Oal 3 013 7 74 48 126 20 
Oval 3 0 12 57 66 49 263 12 
IN 3 0 il >100 89 43 242 44 
IM 3 01] >100 72 67 16 
O-al 3 011 >100 89 46 184 ll 
Oal 3 0 10 > 100 67 63 357 18 
O-al 3 0 10 me 64 37 t 19 


‘Elood coagulabilty and factors VII and X are expressed as a percentage of normal adult pooled plasma. 
t+#.Janine aminotrans erase’ normal value<40 U/L. 
value due æ in3ufficient volume of serum 
eens less than mean —2 SD of PIVKA-II negative infants of that age. 
M =intramuscullar 
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3000-4500 pg/ml, because of the relatively high 
concentration of vitamin K, in formula (60 yell) 
compared with human milk (2 yg/l).'°! 
McNinch et al reported vitamin K, plasma con- 
centrations in breast fed infants after 1 mg 
vitamin K, orally or intramuscularly at birth.‘ 
In the oral group the peak median concentration 
occurred earlier, but was lower. In both groups 
vitamin K, concentrations declined rapidly, 
after 24 hours the mean was 23 ng/ml ın the oral 
group and 444 ng/ml in the intramuscular 
group. The present study demonstrates that at 2 
weeks of age vitamin K; concentrations are stili 
raised; concentrations of about 1600 pg/ml after 
intramuscular injection and of 800 pg/ml after 
oral administration were found. At 1 month of 
age concentrations declined to about 600 and 
400 pg/ml, respectively. Other reports confirm 
that four to six weeks after an intramuscular 
injection of 1 mg vitamin K,, plasma concentra- 
tions are back at unsupplemented values.'° '° 
Nevertheless, at all ages vitamin K, concentra- 
tions were lower after oral administration. To 
our knowledge, vitamin K, concentrations 
beyond the first week of life after a single oral 
dose were not reported before. To determine 
whether the lower vitamin K, plasma concen- 
tration after oral administration also entails a 
worse protection against vitamin K deficiency, 
we have to compare coagulation parameters. 

Blood coagulability and activities of clotting 
factors VII and X showed no difference between 
the two groups. However, these coagulation 
tests are not sensitive enough to detect bio- 
chemical vitamin K deficiency.'? Accordingly, 
blood coagulability and factors VII and X were 
not different in PIVKA-ID positive infants 
compared with those who were PIVKA-II 
negative. In contrast to vitamin K, plasma 
concentrations and activities of clotting factors, 
PIVKA-II detection is a more direct reflection 
of vitamin K dependent carboxylation of clotting 
factors in the liver. As mentioned previously, 
detection of PIVKA-II has no clinical conse- 
quences, but it does indicate whether enough 
Vitamin K has been available to carboxylate all 
vitamin K dependent proteins. Prolongation of 
low vitamin K intake may lead to serious 
complications. 

In cord blood, using the same method as we 
did, Motohara et al detected PIVKA-IJ in 
21:5% of 102 samples.'* At 3 to 5 days of age 50 
to 60% of infants were PIVKA-II positive if 
they were breast fed and had not received 
vitamin K prophylaxis at birth.'® At the age of 
1 month 12°3% were positive.!? Biochemical 
vitamin K deficiency occurs frequently in 
unsupplemented breast fed infants. Widder- 
shoven et al compared PIVKA-II concentra- 
tions in breast fed and formula fed infants.'° At 
4 days of age about 10% of both groups had 
PIVKA-II in their blood. At 1 month of age 
PIVKA-II was not detected in any formula fed 
infant, compared with in 5:5% of breast fed 
infants. At 3 months of age no formula fed 
infant was positive, compared with 7:5% of 
breast fed infants. Thus, formula feeding seems 
an effective way to prevent the appearance of 
PIVKA-II in the blood of young infants, prob- 
ably due to the high intake of vitamin K). 
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PIVKA-II was not detectable in any of our 
infants at 2 weeks of age. This corresponds with 
the raised vitamin K, concentrations in both 
groups. Surprisingly, in four 1 month old 
infants PIVKA-II was detected. However, the 
concentration in the only positive infant of the 
intramuscular group was at the limit of detec- 
tion. So, in the intramuscular group hardly any 
1 month old infant had PIVKA-II detectable, 
while it was detectable in a few in the oral 
group. Exact comparison of our PIVKA-II 
results with those of Motohara et al'® and 
Widdershoven et al’? is hampered by the fact 
that our method is more sensitive. Their detec- 
tion limit amounted to 0:13 compared with 0°10 
AU/ml in our study. If we applied their 
detection limit as a selection criterium just two 
1 month old infants would remain positive, thus 
strengthening the clinically relevant difference 
in PIVKA-II detectability between our supple- 
mented and their unsupplemented 1 month old 
breast fed infants (y*, p<0-01). Even without 
correction, PIVKA-II was less frequently 
detected in our intramuscular group than in the 
unsupplemented infants of Widdershoven et al 
(1/127 vo 4/73, p<0-05).'° Our oral group did 
not differ significantly from the unsupplemented 
infants of Widdershoven et al (3/135 v 4/73, 
p=0°21). This demonstrates that intramuscular 
vitamin K seems still effective at the age of 
i month, while oral vitamin K is not. 

Surprisingly, at the age of 3 months a high 
percentage of children in both our oral and 
intramuscular groups had PIVKA-II detectable, 
indicating that neither route was completely 
effective by that age. Vitamin K, concentrations 
declined to values of 300 pg/ml. Although 
vitamin K, concentrations in the intramuscular 
group were slightly higher than in the oral 
group, both concentrations seem insufficient to 
prevent biochemical evidence of vitamin K defi- 
ciency in all infants. Other reports confirm the 
reappearance of PIVKA-II after a single vitamin 
K administration at birth. Motohara et al 
reported a decrease in PIVKA-II detectability 
on the third and fifth day of life after a single 
oral dose of 5 mg vitamin K, at birth.'® At 1 
month of age, however, no significant reduction 
in PIVKA-II detectability was demonstrated 
unless a second oral dose was administered at 14 
days of age.'? Widdershoven et al detected 
PIVKA-II in none of 48 infants of 1 month old, 
in one of 29 infants of 2 months old, and in one 
of 23 infants of 3 months old after the adminis- 
tration of 1 mg vitamin K, intramuscularly at 
birth. '° 

We failed to detect an association between 
PIVKA-II and vitamin K, plasma concentra- 
tions. Vitamin K, concentrations were not 
different in PIVKA-II positive children 
compared with PIVKA-II negative infants. This 
may be caused by the fact that PIVKA-II has a 
half life of about 70 hours and hence can still be 
present in plasma even when the vitamin K 
deficiency has been corrected.” Moreover, due 
to frequent feeds, plasma concentrations of 
vitamin K, in infants vary widely. The plasma 
half life of tritiated vitamin K, has been 
reported to be 120-150 minutes.”° Information 
about hepatic vitamin K stores in infants is 
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limited. Shearer et al reported that in unsupple- 
mented terr. neonates hepatic vitamin K; con- 
centrations were no more than about 1 ng/g liver 
(fresh weigh:”.*! Total liver stores amounted to 
C'l ug. In adults a much higher mean concen- 
tration of 5:5 ngg was measured, resulting in 
total stores of 8 pg. When the newborn had 
been given am intramuscular injection of vitamin 
K, (05-10 mg endogenous hepatic values 
remained rased for at least one week. Besides 
vitamin K, different forms of vitamin K, 
(menaquinorés 6 z0 12) could be detected in the 
liver.*’ In adults menaquinones even accounted 
for some 75~—97% of total hepatic stores of 
vitamin K cr a molar basis. In the neonate, 
however, menaquinones were not detectable 
until about 14 dzys postpartum. Thereafter a 
gradual buic up was indicated and adult 
concentrations were attained about one month 
after birth.*' However, the extent of vitamin K- 
utilisation remains controversial. Nevertheless, 
besides vitamin K, vitamin K, has to be 
considered when assessing vitamin K status. 
Altogether, the plesma vitamin K; concentration 
may not adequately represent the total amount 
of vitamin K that is available as a cofactor for 
the carboxylas2 enzyme in the liver. 

Wallin has repo-ted evidence to maturation of 
the vitamin K dependent carboxylation system 
in fetal-neonstal rets. At 7 days of neonatal age 
adult values of carboxylase activity were 
reached. But activities of the two pathways that 
provide carboxylase with reduced vitamin KH- 
cofactor (vitamin K epoxide reductase and 
vitamin K reductase) were never as high as in 
adult liver. In other words, it might be possible 
that an increased requirement of vitamin K 
exists in early infancy, due to immature reutili- 
sation of vitemin K epoxide. The vitamin K, 
reference range for fasting adults can not be 
applied autcrmatically to non-fasting young 
infants. Moreover, individual difference in 
enzyme matucation and therefore individual 
difference in vitamin K requirement could 
exist. 

To summarise, single oral or intramuscular 
administration of 1 mg vitamin K, postnatally 
may not offe? complete protection against late 
biochemical vitamin K deficiency. Correspond- 
ingly, excep: for one infant with classical 
haemorrhagic disease of the newborn,” most 
case reports af failures of vitamin K prophylaxis 
concern late disease.! ** Epidemiologically, 
intramuscular vitamin K prophylaxis appears to 
have a lower imcidence of failure.°* In a recent 
survey in the British Isles, 27 cases of haemorr- 
hagic disease of tae newborn were recorded.’ 
Seven of therm occurred in spite of oral vitamin 
K prophylaxis at birth. No failures were recorded 
after intramuscular administration, although 
there was uncertainty about intramuscular 
vitamin K ir. one case. The relative risk for 
babies who ked received oral vitamin K com- 
pared with sabics who had received intra- 
muscular vitanin K was 13:1. The relative risk 
without propirvlaxis was 81:1.% A schedule of 
repeated oral doses was considered.” Taking 
our results as wel! as epidemiological evidence 
into account, we suggest that for complete 


protection of breast fed infants against late 
haemorrhagic disease of the newborn, vitamin 
K administration should be repeated. Whether 
a monthly, weekly, or daily administered oral 
dose should be recommended deserves further 
investigation. 


This study was ported by grant 28-1563 of the Dutch 
‘Praevennefonds’, We are indebted to all parents and infants for 
cea era in this study, to Esai Ltd for kind supply of 

IVKA-II assay kits, and to Hoffmann-La Roche for donation of 
vitamun K zs» 
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Oscillations of body temperature at night 


P J Brown, R A Dove, C S Tuffnell, R P K Ford 


Abstract 

There is increasing evidence that overheating 
is a contributing factor for some cot deaths. 
One hypothesis is that infant thermoregulation 
is closely related to respiratory control. To 
test this, hypothesis it was necessary to deter- 
mine thé-normal pattern of body temperature 
in the developing infant. A system has been 
designed and built to record continuously 
temperature signals from ambient, rectal, and 
various skin site sensors. Overnight studies 
were performed on 30 infants aged between 2 
and 26 weeks in a hospital ward. 

Various time and frequency domain analyses 
of the temperature data have been developed. 
Analysis of body temperature rhythms has 
confirmed patterns during sleep which mature 
with age. In addition a periodic oscillation of 
body temperature has been found with a cycle 
of approximately one hour. This oscillation 
may reflect sleep state and its further study 
may give an insight into control of infant 
thermoregulation and the integration of this 
control with that of breathing and the cardio- 
vascular system. 


(Arch Dis Child 1992367:1255-8) 


There is abundant evidence that there is a 
relation between cot death and temperature. 
Cot deaths occur more often in winter than in 
summer,!~* more in higher latitudes in temperate 
zones,’ and overheating may be a contributing 
factor in many deaths.©* The physiological 
processes linking temperature changes to cot 
death have not been established. 

Our hypothesis is that an increased body 
temperature, or thermal stress, 1s associated 
with increased respiratory instability. To test 
this hypothesis we first needed to determine the 
normal pattern of body temperature in the 
developing infant. 


Subjects and methods 

Our continuous temperature measurement 
studies were carried out in a hospital ward using 
a dedicated computer based polygraphic record- 
ing system (BabyLog).? The ambient tempera- 
ture of the hospital ward was 23—25°C throughout 
these studies, and all infants were lightly 
clothed in the equivalent of a cotton vest and a 
nappy. Infants were enrolled if they were 
considered afebrile by their doctor, did not have 
an infectious or inflammatory illness, and had 
no Known encephalopathy. Recordings were 
completed on 30 such infants who had presented 
with minor choking episodes for which there 


was no obvious cause found on polysomno- 
graphic study. Their ages ranged from 2 to 26 
weeks. Ethics committee approval and written 
parental informed consent were obtained for 
these studies. 

The infants had continuous recordings of 
ambient and various body temperatures over- 
night for at least 12 hours. Rectal temperature 
was measured 5 cm from the anal margin and 
skin temperature from the forehead, axilla, 
wrist, abdomen, shin, and foot. We used 
temperature sensors which are based on a 
semiconductor rather than a thermistor. We 
have previously described the design, manufac- 
ture, and testing of these sensors, and the 
interface with our polygraphic recording system 
though a multiplexing isolating amplifier. '° The 
multiple temperature channels were sampled 
once a second and the signal data were stored on 
the computer system for later analysis. Sleep 
state, feeds, nappy changes, and other behaviour 
were recorded on a diary sheet and by contin- 
uous video monitoring. 

Software has been written to produce a 
graphical output of the signal data and to allow 
measurement of any temperature recording at 
any sample point. Algorithms have also been 
developed for spectral analysis.'' These software 
algorithms process the temperature data in the 
Fourier domain to produce a screen output with 
peaks corresponding to dominant oscillations. 
The frequency, and hence period, of each of 
these peaks is determined on screen. The largest 
peak corresponds to the dominant frequency for 
a particular recording. 

The temperature signals were than examined 
using the graphical software we have written for 
our system. Oscillations which varied in ampli- 
tude by more than 0°1°C were measured for the 
length of period from peak to peak. These 
measurements of each identifiable period were 
then averaged (with 95% confidence intervals) 
for each recording. 


Results 

Thirty overnight studies have been examined in 
detail. Figure 1 presents an example of an 
overnight rectal temperature recording. Graphs 
of the continuous recordings showed trends on 
visual inspection that have been confirmed by 
further analysis. 


SLEEP-WAKE PATTERNS 

The variation in rectal temperature over a single 
might was 0-4-0-7°C in the younger infants (less 
than 8 weeks old) but was as much as 1-5°C in 
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day 1) urs day 2) 
Figere 1 Contmerots recording of rectal temp2eature in a 6 week old infant Time n hours 
(fror: 2200 h) on the = axis and temperature ©C_ on tte y axis. Data were obtained once a 
second from bedtime enti she was lifted from har cot it the morning. The graph shows the 
vutal decrease in tenmeraturz, mterrupted by a houder’, then osculanons throughout the 
righ teuh a cycle of approximately one hour. 


those more than 12 weeks old. In an individual 
recording the temperature commonly varied 
from 37°8 to 36°3°C through the night. When an 
infant wen: to sleep the rectal temperature 
decreased over about an hour to a nadir, then 
slowly increased until the infant woke for a feed 
or nappy change, when the temperature in- 

- creased more quickly, and remained at this level 
until the mfant went to sleep again. The 
decrease in temperature when sleeping after 
such a feed æ nappy change was not as sudden 
as that seen na first going to sleep. 

In infants under 4 weeks of age the axillary 
temperature reflected the rectal temperature 
fairly well, but m the older infants there was 
little similar:ty between axillary and rectal 
temperatures. The wrist, shin, and foot temp- 
eratures showed opposite trends to the rectal 
temperature with a rapid increase of several 
degrees over about the first hour after falling 
asleep, and £ rapid decrease when waking for a 
feed or napp” change. The forehead temperature 
followed neizher -he rectal nor the ‘peripheral’ 
pattern. 

The extent anc: duration of this decrease in 
rectal tempe-atur2 on first going to sleep was 
examined in relat:on to age for each infant (fig 
2). The decreese was seen in the 26 infants older 
than 4 weeks bur not in the four infants less 
than 4 weeks old. There was a tendency for the 
temperature Io decrease more in older infants. 
There was krtle correlation of age with the 
duration of the decrease, which could take 
anything from 3) to 120 minutes (fig 2B; 
r=0:40). 


RECTAL TEMPERATURE OSCILLATIONS 

In addition to the sleep-wake patterns described, 
we found a smmll amplitude oscillation of rectal 
temperature m 24 of the 30 continuous record- 
ings. The amplitude of this oscillation was 
between 0°2 and 0°3°C. The frequency of the 
oscillation was determined by two methods. 
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Temperature drop (°C) 
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Duration (min) 
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Figure2 Characteristics of the decrease m rectal 


temperature after bedtime. (A) Degree of the decrease related 
to age for each infant. A linear regression (with 95% 
enfileacedaieregl) s fired ard hai Ge icient of 0-66, 
Tra decrease in infants. 

o tn temperature showmg a poor 
correlation e and a wide scatter lasting from 30 up to 
120 minutes m different infants. 


Spectral analysis was used to determine the 
dominant frequencies of any and all oscillations 
of the rectal temperature during the entire night 
of each recording. In six of 30 recordings no 
obvious spectral periods were identified. These 
six recordings were from infants less than 
5 weeks old. In those infants more than 5 weeks 
old a sleep-wake cycle of three to four hours was 
identified and, in addition, spectral periods 
were found with a cycle length of approximately 
one hour. Figure 3A presents these spectral 
periods in relation to age for each infant, 
showing the cluster around a one hour cycle 
length. 

To define these oscillations more accurately, 
the raw signals from each rectal temperature 
recording were examined using computer soft- 
ware graphical methods. All distinct oscillations 
that could be identified (see fig 1) were 
measured. In six recordings distinct oscillations 
could not be found (the same six infants in 
whom spectral analysis did not identify obvious 
periods). In the 24 recordings from infants more 
than 5 weeks old the number of distinct 
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Figure? Two methods of determining the cycle length of the 


oscillations of rectal ature related to the age 
of each mfant. (A) Period of the detected by 
spectral analysis of each of the overmght recordings from 
bedtime morning. (B) Mean penod and 95% con 
intervals of indvidual oscillations detected tn each mnfant’s 
recording. The two methods illustrate the approximately one 
hour cycle of these temperature oscillations. 


oscillations varied between four and 12. The 
duration, or period, of each oscillation was 
measured and the mean period (95% confidence 
intervals) of the oscillations for each infant was 
calculated. Figure 3B presents these mean 
periods in relation to the age of each infant and 
shows the means clustered closely around one 
hour. The overall mean of the periods of the 
combined 24 studies was 58 (confidence interval 
2°1) minutes. 


Discussion 

Our hypothesis is that an infant’s control of 
breathing is linked to temperature. To test this 
hypothesis we first needed to determine the 
normal pattern of body temperature in infants. 
As we are particularly interested in vulnerability 
to cot death, we focused on physiology during 
sleep in the developing infant during the first 
months of life. 

Studies were undertaken in a hospital en- 
vironment with a controlled ambient temperature 
and similar clothing insulation for all infants. 
These studies have shown certain patterns of 
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body temperature and also proved that there is 
no reasonable alternative to measuring rectal 
temperature for continuous recording. A 
number of different skin sensors were used, 
including axilla, abdomen, forehead, wrist, 
shin, and foot, and none was found to correlate 
well with the rectal probe.'° Consideration was 
given to other methods of body temperature 
Measurement such as tympanic membrane 
sensors or remote detection of microwaves. 
Techniques applicable in a hospital or labora- 
tory environment are, however, unsuitable for 
long term use in a sleeping infant who is not 
under constant surveillance. We plan to extend 
our studies to the home environment and the 
requirements of reliability, durability, safety, 
and ease of use for parents guided our selection 
of equipment and techniques. 

To determine patterns of body temperature 
accurately it is essential to measure continuously 
rather than take a few intermittent recordings. 
We chose to sample once a second, although 
once per minute would suffice. This sampling 
rate can produce much redundant data, but 
provides the facility to then use averaging 
algorithms or to search for frequencies of any 
period with spectral analysis without being 
limited by the basic sampling frequency. We 
report oscillations with a period of approxi- 
mately one hour, but are able to identify other 
periodic changes (so called biological noise) 
with much higher frequencies. 

This continuous sampling procedure and use 
of the entire data sets in analysis has uncovered 
short term oscillations of rectal temperature 
with a period of about 60 minutes. Other 
workers have also measured overnight rectal 
temperatures in infants and shown the initial 
decrease on going to sleep.” °? They did not 
observe the hourly oscillations seen in our 
studies, however, probably because of the 
method with which they produced their data 
sets. Although their temperatures were logged 
once a minute, for analysis purposes they used 
temperatures only every 15 or 30 minutes. The 
data set becomes much easier to handle, but 
with effective sampling at this frequency it 
would not be possible reliably to detect oscilla- 
tions with a period of an hour or less. 

We have confirmed several of the findings of 
these workers. The initial decrease in rectal 
temperature on going to sleep is a significant 
feature (fig 1 and 2). It appears in infants older 
than 4 weeks and its amplitude seems to 
increase in older infants, being as much as 1-3°C 
in those over 16 weeks. The duration of the 
decrease is not related to age and it is variable 
from less than 30 minutes to more than two 
hours. This variability in duration would be 
missed by sampling only every 15 or 30 minutes. 
The decrease itself is sometimes smooth to the 
nadir, but in some recordings 1s interrupted by 
a small ‘shoulder’ or rise, which appears to have 
the same amplitude and periodicity as the short 
term oscillations we have discovered. 

Wailoo and coworkers took an arbitrary zero 
time for their analysis as the time of placing the 
infant in the cot, which ignores possible effects 
of any circadian rhythm due to the time of day 
but allows the determination of a pattern which 


seemed ‘phase locked’ to bedtime.'? '* Our 
studies have confirmed that the temperature 
decrease on sleeping seemed obligatory and 
independent of bedtime. 

Two different methods of analysis of our 
study data ndizate that there is an oscillation of 
rectal temperacure with a period of approxi- 
mately one hour (fig 3). The cause and signifi- 
cance of these stort term oscillations is intriguing. 
They seem to become apparent after the first 
month of lice, at the same age as the appearance 
of sleep-weke patterns described as ‘mature’, 
with a definite initial decrease in temperature 
‘phase locked’ tp bedtime.!” '° 

Sleep staze changes with a cycle of approxi- 
mately one hcur have been described in a 2 
month old infant with alterations in the 
variability əf heart rate and respiratory rate 
coincident with electroencephalogram and 
electromyogram changes.'* Regularity in sleep 
alternation in < 3 month old infant has been 
shown with a cycle of about one hour.'° This 
age is a time of maximum concordance between 
physiologicel variables, higher than at any 
earlier or later age. Electroencephalogram 
parameters develop a rhythmicity with approxi- 
mately a on2 hour cycle after the first week of 
life and coupling of this rhythmicity with other 
physiologicel variables (respiratory and cardiac) 
begins to emerge at 3 to 4 months of age.'’© The 
hourly cycle of rectal temperature oscillations is 
therefore likely 10 be related to these sleep state 
changes, skowing similar development with 
age. It may retlect phases of active sleep and 
indicate an increase in metabolic rate. 

We plan zo extend our studies to the home 
environment,'’ to examine respiratory and 
cardiac signals to define sleep states,'* and any 
link betweer. control of breathing and tempera- 
ture. Analysis of these home recordings may 
allow us to determine the effects of thermal 
stress, both excgenous (ambient temperature, 
clothing, and cedding insulation) and endo- 
genous (immauntsations and infections), and to 
find any derelcpmental changes in the indivi- 
dual infant over zhe first few months of life. 


CONCLUSION 

We have developed a computer based poly- 
graphic recordirg system and modified it for 
future use in the home environment. Sampling 
at a high frequency has allowed analysis of 
continuous Lod} temperature recordings. The 
rectal temperature rhythms of infants in the 
first six mecnths of life show a previously 
unreported csciLation with a cycle of approxi- 
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mately one hour. This becomes apparent at 
around the same age as the maturation of a 
recently described pattern of rapid decrease in 
temperature after bedtime. 

With the addition of respiratory and cardiac 
signal recordings we plan to investigate these 
oscillations and other rhythms to determine 
their relation with behavioural or sleep state and 
the effects of changes in age, ambient tempera- 
ture, clothing, and bedding, immunisations and 
illness. We may also be able tc examine the 
integration of control of thermoregulation with 
that of breathing and the cardiovascular system, 
particularly during sleep at the most vulnerable 
age for cot death. 


Dr Brown was supported by the Canterbury Cot Death Research 
Fellowship and Mr Tuffnell by the Aoraki Corporation. Grants 
were also received from Lotteries Medical Research. Mrs 
J Larkin gave invaluable asastance with the overnight tempera- 
ture studies 
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Factors affecting the development of night time 


temperature rhythms 


M R Lodemore, S A Petersen, M P Wailoo 


Abstract 

The rectal temperature of 26 infants between 
6 and 16 weeks old was monitored continuously 
for one night each week. Rectal temperature 
always decreased with sleep but the minimum 
temperature attained changed with age. Some 
time between 8 and 16 weeks old the minimum 
sleeping rectal temperature decreased abruptly 
from around 36-8°C to around 36-4°C. This 
change was complete within one week and did 
not normally revert unless the infant became 
ill. 

Some infants changed as early as 8 weeks 
old, others not until 16 weeks. Breast fed 
infants changed significantly earlier than bottle 
fed infants. Girls changed significantly earlier 
than boys. First born infants changed signifi- 
cantly earlier than second or subsequent 
infants. Early changers were significantly more 
likely to be sleeping lateral or supine, and to 
have older mothers. They tended to come 
from more affluent families. There was no 
association between the time of change and 
the thermal environment in which the infant 
slept or the number of episodes of minor 
illness in the early weeks of life. 


(Arch Dis Child 1992;67:1259-61) 


When infants are first brought home their body 
temperature changes little over the course of 
the light-dark cycle and for the first weeks of 
life their rectal temperature decreases to about 
36°8°C with sleep, whether this occurs by day or 
by night. In a previous cross sectional study’ we 
showed that at around 10-12 weeks of age rectal 
temperature begins to decrease further with 
sleep at night than during the day, a night time 
pattern which persists into adulthood. Within 
two hours of bedtime rectal temperature de- 
creases to less than 36°5°C and then remains low 
for a few hours before'a gradual warming to 
around 37°C before waking.” 

There appeared, however, to be considerable 
individual differences in the age at which this 
pattern appeared. This paper reports longi- 
tudinal studies of individual infants which 
confirm these differences, and shows some 
factors affecting the timing of development of 
night time temperature rhythms. 


Subjects and methods 

Thirty normal healthy full term infants were 
recruited at or just after birth by liaison with 
general practitioners and health visitors in 
Leicestershire. Parents gave informed consent 


to weekly overnight recordings of body temper- 
ature from 6 to 16 weeks of age. Basic perinatal 
data were collected at the time of recruitment 
and parents were provided with a diary to 
record prospectively any episodes of illness in 
the infant. 

Once each week from 6 weeks’ old the infant 
was visited at home in the evening, weighed 
naked, and data collected on the current feeding 
regimen, other aspects of parental care, and the 
health of the infant and family. Probes were 
then attached to record body temperature. A 
soft probe, inserted 5 cm from the anal margin, 
recorded rectal temperature and a skin ther- 
mistor measured surface temperature on the 
skin. Only rectal temperature data are described 
here. A third probe measured ambient temper- 
ature near the infant. All three probes were 
connected to a Grant Squirrel! data logger, set 
to sample at one minute intervals throughout 
the night. These techniques are safe,’ and full 
ethical approval was obtained for the study. 

Parents were asked to keep a detailed diary of 
all events throughout each night of recording, 
including feeds, nappy changes, periods of 
waking, and administration of any drugs. Note 
was also made of infant’s clothing and bedding 
so that a thermal insulation or ‘tog’ value could 
be calculated according to tables provided by 
the Shirley Institute (Manchester). 

The next day the data loggers were collected 
and the data downloaded to a computer. They 
were analysed for technical problems such as 
loss of probes and only unblemished data were 
analysed further. For each night of recording 
rectal temperature was abstracted at 30 minute 
intervals from one hour before bedtime until 
nine hours later. 


Results 

Twenty six of the 30 subjects yielded sufficient 
data to be certain of the individual pattern of 
development, a total of 246 mghts of recording. 
For the remaining four infants data were not 
available for one or more weeks around the 
critical age for a variety of reasons. The mean 
(SD) gestational age of the 26 infants was 39-9 
(1:5) weeks, with all but one born between 38 
and 42 weeks and none before 36 weeks. The 
birth weight averaged 3471 (485) g and 13 were 
boys. The average maternal age was 27-3 (4°6) 
years. Six of the infants had parents in occupa- 
tional groups | or 2, and seven in groups 4 or 5, 
a social class distribution similar to that of the 
Leicestershire population as a whole. Nine were 
first children; three had two or more older 
siblings. 
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CHANGES IN SLEEPING RECTAL TEMPERATURE 
WITH AGE 

At all ages studied rectal temperature decreased 
with slezp az night reaching a minimum between 
one and four hours after bedtime, as reported 
previously." ? The minimum temperature 
attained by any infant, however, changed with 
age. Figure | shows a typical example of 
individual development. The minimum rectal 
temperature decreased suddenly by 0°3~0:5°C 
between ome week and the next, though this 
occurred at different ages in different subjects. 
Figure 2 shows how the minimum rectal tem- 
perature changed with age in five further 
infants. All 26 infants studied showed similar 
abrupt chanzes in minimum rectal temperature. 
As in our previous studies there was no signifi- 
cant change in the thermal environment after 6 
weeks of age. 

Once this abrupt transition to a lower mini- 
mum night tme rectal temperature had occurred, 
the minimum remained low unless the infant 
was incubat.ng an illness. Figure 3 shows data 
from all subjects normalised to the first week in 
which vectal cemperature decreased below 
36°5°C, which we have called the ‘adult’ pattern. 


Rectal temperature (°C) 





F 1 Pattzrn oF rectal temperature change overnight at 
aferent ages m-a tyttcal infant. 
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Figure2 Minanurs rectal temperature at night at vanous 
ages in five nfa-us net including that illustrated in fig 1. The 
largest and sma#est aecreases in mammum rectal temperature 
between two weeks ce ulustrated. 
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Figure 3 Averaged data from all 26 infants normalised to 
the first week in which mummum rectal temperature decreased 
to less than 36°S°C.. Standard errors (range 0-03-0-08°C) are 
not shown for reasons of clarity. 


There was a highly significant change in rectal 
temperature from the week before to the week 
in which temperature first decreased (p<0-01, 
Student’s ¢ test), but no significant differences 
between the weeks after or before the change. 
Excluding periods of known illness only one of 
the 26 infants had a minimum rectal temperature 
greater than 36°5°C again after the week in 
which it first decreased to less than 36°6°C. Ona 
few occasions, however, infants showed higher 
minimum temperatures the night before an 
illness such as upper respiratory tract infection. 
We therefore chose the age at which the 
minimum rectal temperature first decreased to 
less than 36°5°C as the age of ‘maturation’ of the 
night time temperature rhythm. The mean 
(SD) age was 11:1 (2°5) weeks. Twelve of the 
infants matured between 7 and 11 weeks old 
(inclusive) and 14 between 12 and 16 weeks. 


FACTORS AFFECTING THE AGE OF ‘MATURATION’ 
The infants who developed their mature tem- 
perature rhythms before 12 weeks old were 
significantly more likely to have been breast fed 
at birth (y7=5-26, p<0°025) and for at least six 
weeks (y7=5:56, p<0°025). The average 
chronological age of development of the rhythm 
for infants who were never breast fed was 12°38 
(0°52) weeks, whereas those breast fed for at 
least six weeks developed at 10°07 (0°74) weeks, 
a significant difference (p<0°01, Student’s t 
test). Girls developed their rhythms significantly 
earlier than boys (average age for girls 10°23 
(0°59) weeks; for boys (11°92 (0°44) weeks; 
p<0-05, Students t test). There was a clear 
relation between the weekly rate of weight gain 
and the age of ‘maturation’ of the rhythm. 
Infants gaining weight most rapidly developed 
later (product moment correlation between 
average weekly weight gain and age of develop- 
ment (r=0°513, p<0°01). 

First children matured significantly earlier 
than second or subsequent children (average age 
for first children 10-11 (0-74) weeks; for second 
and subsequent children 12°58 (0-42) weeks; 
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p<0:05, Student’s ¢ test). There was, however, 
no significant association between breast feed- 
ing and birth order. Infants sleeping prone were 
significantly more likely to develop their 
rhythms after 11 weeks old (y7=5°51; p<0-025) 
though they were also significantly more likely 
to be second or subsequent children (y*=4°34; 
p<0:05). The mothers of babies who matured 
before 12 weeks old were significantly older 
than those of babies who matured later (p<0°05, 
Student’s ¢ test) and there was a strong trend, 
close to significance, for infants from families in 
the non-manual cccupational groups to mature 
earlier than those from families in manual 
groups. There was no significant difference in 
room temperature or thermal insulation of 
clothing and wrapping between infants who 
developed before and after 11 weeks old. 
Infants who developed after 11 weeks old had 
not had more episodes of minor illness (such 
as upper respiratory tract infection) in the first 
weeks of life. 

We have also analysed our data correcting for 
the small differences in gestational age between 
infants. All effects which were statistically 
significant with chronological ages remained 
significant when ages were corrected to a 
standard 40 week gestation. 


Discussion 

We have confirmed earlier observations that the 
minimum rectal temperature during sleep at 
night decreases abruptly around 11 weeks old.? 
The transition from a minimum sleeping rectal 
temperature around 36°8°C to a minimum 
around 36°4°C was rapid. It was always com- 
plete between two weeks’ recordings, and the 
few more frequent recordings we have suggested a 
time course of two or three days. Once the 
change occurred it did not revert unless the 
infant was ill. We saw only one occasion where 
the minimum ‘sleeping rectal temperature of a 
healthy infant returned above 36°5°C after the 
change. 

As we have reported previously the change in 
sleeping temperature usually coincided with an 
abrupt lengthening of the time infants spent in 
their cots before disturbing their parents.? Not 
all infants, however, had settled into a regular 
sleep pattern at the time of ‘maturation’. In 
particular, many breast fed infants were still 
feeding at night after the minimum rectal 
temperature decreased to less than 36°5°C. 

The abruptness and permanence of the change 
suggests that it is a physiological alteration on 
the endogenous mechanisms of temperature 
control. Its timing seems to result from an 
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interaction between features of the infant and 
the way in which it is cared for. This leads to 
large individual differenes in tming with some 
infants ‘maturing’ at twice the age of others. We 
have identified a series of factors associated with 
early and late development. They mostly relate 
to one another and it 1s impossible at this stage 
to say which are primary and which secondary 
associations. 

Breast fed babies ‘matured’ significantly 
earlier than bottle fed babies. This occurred 
even if babies were breast fed for just one or two 
weeks, suggesting that it was due to having 
received breast milk, rather than the process of 
breast feeding, which may have stopped by the 
time maturation occurred. Breast milk contains 
a variety of substances which are absent from 
formula feeds and which might interact with 
central mechanisms of development. Melatonin 
is a possibility. Girls matured significantly 
earlier than boys, though they were more likely 
to be breast fed. In the first weeks of life boys 
gained weight faster than girls, especially if 
bottle fed. Late maturation of temperature 
rhythms was associated with high rates of 
weight gain. We do not know whether the boys 
gained weight more quickly and matured 
temperature rhythms later because of some 
physiological consequence of masculinity, or 
because they were treated differently by parents, 
being more likely to be changed to bottle 
feeding. The relation between sleeping position 
and the timing of development is fascinating but 
inexplicable. 

The remaining factors which were associated 
with early or late maturation were all features of 
the infant’s family environment. Second babies 
developed later. Babies with older mothers 
developed earlier. Perhaps some feature of the 
general household environment such as the 
amount of parental contact or sensory stimulation 
affects the processes of development. 

It is clear, however, that the development of 
something as simple as the daily rhythm of body 
temperature 1s the result of a complex interaction 
between intrinsic and extrinsic factors which 
could in principle be changed by intervention 
should particular patterns of development be 
shown to affect morbidity or mortality. 


The work was supported by the e one Trust and the 
Foundation for the Study of Infant Dea 
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Case Diagnosis 


Frscious Age PVRI Door Inotropes 
No SELSETY Fecipient' 
l CardiomyopatlI~ 5 months 36 1 3 Yes, venulated 
2 CHD Ys 2-4 years — 1:3 No 
3 Cardiomyopatl— 8 years 6'7 13 No 
4 Yes 8-1 years 1-4 15 No 
5 Cardiomyopatk- 12 2 year- <l 0-9 No 
6 CHD Ys l1 years 30 1-4 No 
7 Carcdiomyopath 9-7 years 4°8 1] Yes 
8 CHD S weeks — — Yes, venulated 
9 CHD Yz 4-8 years 5-0 2-2 No 
10 CHD Yz 3 years — 1:9 No 
1] CHD = 3°5 years 2:1 1-6 No 
12 CHD 3 years 45 1-7 No 
[3 CHD > 8 years 16 1-2 No 
5 4montks 3:0 2:1 Yes 
92monts — l-1 Yes 
10 weeks — 18 Yes, venulated 
N= 3-7 years — 11 No 
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steroid-sparing maintenance immunosuppression 


J Au, J X Gregory, I W Colquhoun, C D Scott, C J Hilton, S Hunter, J H Dark 


Abstract 

In order to determine the results of steroid- 
sparing maintenance immunosuppression in 
paediatric patients who have undergone 
orthotopic heart transplantation (OHT), a 
retrospective study was undertaken in 12 
children and five infants (median age 3-5 
years). Preeperative diagnoses were cardio- 
myopathy in seven and congenital heart disease 
in 10 patents. Immunosuppression was 
induced by cyclosporin, azathioprine, methyl- 
prednisolon:, and antihuman lymphocyte 
immune globulin. It was maintained with 
cyclosporin and azathioprine. After induction, 
five patients received no further steroids. The 
remainder, 2xcept one, required only pulses 
for rejection (13 episodes or 0-51 episodes/ 
patient yeer). Long term complications 
included hypertension in six, and renal 
impairment in taree children. There were no 
early or late deaths from infection. Actuarial 
survival was 94% at one year. Of the children 
followed up for more than one year, all 
demonstrated an increase in height SD scores 
(mean (SD) —2-15 (1-35) to —1-15 (1-16)). We 
conclude that a steroid-sparing maintenance 
immunosuprpression regimen can be success- 
fully employed in paediatric OHT, and that 
significant catch-up growth can be achieved 
postoperatively. 


(Arch Dis Child 1992;67:1262-6) 


Cardiac transplar.tation is now an accepted form 
of treatment for infants and children with end 
stage cardiac disease. Since 1984 more thar 
1100 such procedures have been performed 
worldwide in children up to the age of 18 years. 
and cardiac transplantation in infants younger 
than 1 year old has been the most rapidly 


Details cf pe2dsatricardtac transplant rectpients 


CHD =congenital heart csease, FVRI=pulmonary vzsculer resistance index 


*Don=sr recipient weighr zatio 


growing area during the last five years.! 
Actuarial survival of 72% at one year and 60% at 
five years is being achieved internationally.” 
The improved survival of cardiac transplant 
recipients with cyclosporin based immuno- 
suppression is well established, but controversy 
remains as to whether steroids should be used in 
the paediatric patient, particularly in view of its 
long term side effects in this age group.” * Since 
the inception of our paediatric cardiac transplant 
programme in 1987, we have adopted a steroid- 
sparing regimen for maintenance immuno- 
suppression. This report summarises our 
experience in 17 children under the age of 13 
years who have received an orthotopic heart 
transplant (OHT). 


Patients and methods 

Between October 1987 and August 1991, 17 
OHTs have been performed in 17 children at 
the Freeman Hospital, Newcastle upon Tyne. 
The patients ranged in age from 5 weeks to 12°2 
years (median 3°5 years), with five infants under 
the age of 1 year. Patient details are illustrated 
in table 1. The preoperative diagnoses were 
cardiomyopathy in seven children and congeni- 
tal heart disease in 10. Of the latter, seven had 
previously had closed heart surgery: four had 
pulmonary artery banding and three had 
systemic to pulmonary arterial shunts. Six 
children were in hospital and dependent on 
inotropes, and three were ventilator dependent 
before OHT. Sixteen of the 17 children survived 
OHT and have been followed up from 38 days 
to. 3°8 years (median 1:4 years). The case 
records of these children were reviewed to 
determine the incidence of rejection, hospital 
admissions for intercurrent illnesses, and late 
complications. Growth data was available from 
standing height measurements in 11 children 
who had been followed up for more than one 
year. For comparative purposes, height and 
velocity were expressed as SD scores.* Renal 
function was assessed by a calculated glomerular 
filtration rate (GFR) based on Barratt’s 
formula. This formula is only applicable to 
children older than 6 months: a figure of >80 
ml/min/1:73 m? was taken to indicate normal 
GFR. 


IMMUNOSUPPRESSION 

Immunosuppression was induced by the oral 
administration of cyclosporin 10 mg/kg and 
intravenous administration of azathioprine 
4 mg/kg two hours before OHT. Peroperatively, 
methylprednisolone 10 mg/kg was given intra- 
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venously at the end of cardiopulmonary bypass, 
and three further doses of 2 mg/kg were given at 
eight hourly intervals in the first 24 hours. The 
postoperative immunosuppression regimen 
consisted of oral cyclosporin (8 mg/kg/day), oral 
azathioprine (1-3 mg/kg/day), and intravenous 
antilymphocyte globulin (Lymphoglobulin, 
Institut Mérieux, 5 ml/10 kg/day) for the first 
seven days. Cyclosporin dosage was adjusted to 
maintain a trough concentration of 400 ng/ml 
(radioimmunoassay for whole blood, Incstal 
Ltd) for the first six weeks, reducing to 200 ng/ 
ml thereafter. Azathioprine dosage was adjusted 
to maintain the white cell count greater than 
4x 107/1. Steroids were not used for maintenance 
immunosuppression. Prophylactic flucloxacillin 
was given in the early postoperative period. 
Broad spectrum antibiotic cover was avoided for 
prophylaxis or treatment. Sulphamethoxazole- 
trimethoprim (three days per week), acyclovir, 
and nystatin were administered orally for 12 
weeks as prophylaxis against Pneumocystis 
carinu, herpes simplex, and candida respectively. 


REJECTION SURVEILLANCE AND TREATMENT 
Non-invasive rejection surveillance via cross 
sectional and M mode echocardiography was 
the norm, supplemented by endomyocardial 
biopsy in suspicious cases in children older than 
1 year. Echocardiography was performed twice 
weekly for six weeks, at weekly intervals there- 
after until 12 weeks, fortnightly intervals there- 
after until six months, monthly intervals 
thereafter until | year, and then every six weeks 
indefinitely, or as clinically indicated. A reduc- 
tion in fractional shortening, an increase in left 
ventricular wall thickness, or the detection of a 
new pericardial effusion were taken as signs of 
rejection. Rejection was diagnosed whenever 
these signs were associated with clinical features 
of rejection—that is, unexplained fever or weight 
gain, lethargy, irritability, poor feeding, 
arrhythmia, gallop rhythm, or congestive 
failure—-and confirmed by an appropriate 
response to treatment. 
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Intravenous methylprednisolone (10 mg/kg) 
for three days was given for rejection within the 
first six weeks. This was followed by oral 
prednisolone (1 mg/kg) which was generally 
tapered off over three to four weeks. Rejection 
occurring after the first six weeks was treated 
likewise with oral prednisolone unless it was 
severe, in which case steroids would be given 
intravenously. All our patients have responded 
to augmented steroids: we have not had to 
resort to antithymocyte globulin or OKT; or 
refractory rejection. 


CORONARY ANGIOGRAPHY 
Coronary angiography is performed electively at 
yearly intervals from the second year onwards. 


STATISTICAL METHODS 

Comparison of the ages of rejectors and non- 
rejectors was performed with the Mann-Whitney 
U test. Univariate analysis of rejection by age 
was with Fisher’s exact test. Height SD score at 
transplant and one year after were compared 
using the Wilcoxon signed rank test. Statistical 
significance was taken at the 5% level. Actuarial 
survival was calculated according to the method 
of Kaplan and Meier.° 


Results 
After induction of immunosuppression, five 
patients did not receive any more steroids. All 
remaining children required pulses for rejection. 
Of these, two required a prolonged low dose 
prednisolone tail for continuing mild rejection: 
one is now off steroids and has remained free of 
rejection for six months, the other is currently 
still on prednisolone 0-1 mg/kg/day. Five 
patients did not tolerate azathioprine and are 
currently maintained on cyclosporin alone. 
Table 2 illustrates early and late complications 
and survival data. Actuarial survival was 94% at 
one year. Thirteen episodes of rejection requiring 
treatment were diagnosed by echocardiography 
with or without endomyocardial biopsy (0°51 


Table 2 Follow up data on paediatric cardiac transplant recipients 


Case Ischaemic iaip ale Repection episodes Hypertenston Renal Surorval 
No time com (late) function 
(min) <3 months >3 months (miimmi l 73 mè) 
69 Staphylococcal — — No 148 3 8 years 
septicaemia, 
5 si gastroenteritis 
l — No 54 
3 210 CMV infection — — No 57 31 ion 
4 296 —_ i => No 86 21 years 
5 168 _ l — Yes 71 1-9 years 
6 220 Convulsions — — No 83 l'7 years 
7 170 Left hemi I 2 Yes 115 16 years 
8 BA Donor failure — — — — DOT 
— — l Yes 166 14 years 
10 137 Hypertenston l — No 1i2 13 years 
11 220 — — ] No 90 12 years 
12 72 Hypertension, urimary I — No 109 ] 1 years 
tract infection 
13 226 Bleeding (reoperated), l l Yes 91 12 5 months 
fits (hypertensive 
encephalopathy) 
14 184 e sepsis, l — No 135 98 months 
gastroententis 
15 164 Hypertension, Ime — — Yes 83 7-4 months 
sepsis 
16 213 H ension — — Yes NA 79 da 
17 173 PUO — NA No 1015 38 dave 


CMV =cytomegalovirus, DOT=died on table, NA=not applicable, PUO=pyrexa of unknown ongin 


episodes/patieat year); eight occurred within 
the first three months of OHT (0°17 episodes/ 
patient month). Of 13 episodes of treated 
rejection, our were diagnosed on clinical and 
echocardiozraphic grounds alone. Endomyo- 
cardial biopsies were performed in the remaining 
mine episoces: moderate rejection according to 
the Billingham classification’ was confirmed on 
four occasions. mild rejection on four, and 
minimal regection on one occasion. Six patients 
(including three infants) never rejected. There 
was no significent difference between the mean 
age of the non-rejectors and that of the rejectors 
(4 0 55 years. p>0-05), nor was there any 
significant difference between the number of 
rejection epssodes in the first month among the 
infants when compared with older children 
(p>0°05). 

Paediatric OHT patients were admitted to 
hospital 3-54 times/patient year (fig 1). Most 
commonly, admissions were for the diagnosis 
of unexplained fever and the exclusion of 
rejection. Tke usual childhood infections were 
zolerated wel, end did not appear to occur 
with undue frequency. Apart from a single 
episode of s:aphylococcal septicaemia in the 
perioperative period, life threatening infections 
have not been a problem. 

By contras-, hypertension has been a signi- 
ficant early and late complication requiring 
treatment. Five children developed early post- 
operative hypertension, one complicated by 
hypertensive encephalopathy with convul- 
sions. Not all of these children required long 
term antihypertensive treatment, however: 
two remainec normotensive despite discon- 
tinuation of their treatment. The remaining 
three children, amd three others who became 
hypertensive cn follow up, required long term 
antihypertensive treatment. 

Three children had impaired renal function 
as assessed ty Barratt’s formula, with an 
estimated GFF. <80 ml/min/1:73 m? (table 2). 
All three chikiren had normal preoperative 
renal function. although one child had docu- 
mented reflux rep-tropathy. 

Coronary argiozraphy was performed on 
“our children who have survived for two years 
or more. To cate we have not detected any 
evidence of accelerated graft coronary disease. 


PUOMIral 
1:22 





a Other 
RTI 0-12 
0-59 
Gastroenteritis 
0-51 
Otitis media 
0-2 Re ection ae 
0-3 


Figure 1 Hospital almuszions for paediatne cardiac 
transplant recipients (dnearised deg era year). 

PUG pene of unEnow- origin, RTI =respiratory tract 
(chest) infechon, URTI =rpper respiratory tract infection, 
UT l=urinary tract mfection 
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Figure 2 Growth after paediatric cardiac transplant. 


Progressive changes in height SD score 
after OHT are shown in figure 2. All patients 
demonstrated an initial increase in height SD 
score, with the mean (SD) height SD score 
increasing significantly from —2-15 (1°35) to 
—1:15 (1°16) during the first year after trans- 
plantation (p<0-005). Mean (SD) height velo- 
city during the first year was 10°3 (2:2) cm/year 
and height velocity SD score was 4-11 (2-03). 
Overall, patients with cardiomyopathy were 
taller before transplantation than patients with 
congenital heart disease (height SD score 
—1-48 (0°69) v —2°41 (1°48), and attained a 
smaller height velocity response during the first 
year after transplantation (height velocity 8:53 
(2°56) v 10°99 (1:78) cm/year; height velocity 
SD score 3°32 (3°6) v 44 (1:34). However, 
sample sizes are small and none of the differences 
achieved statistical significance. Likewise, a 
meaningful statement cannot be made regarding 
postoperative growth in patients who received 
pulsed steroids when compared with those who 
did not, as only one patient has been followed 
up for more than one year in the latter group. 
All patients currently enjoy a good quality of 
life, although one patient is showing signifi- 
cantly delayed psychomotor development. 


Discussion 

Yacoub et al, in 1985, reported initial results of 
steroid-sparing immunosuppression in 67 
patients, with an actuarial survival rate of 82% 
at one year.® Subsequently, two prospective, 
randomised clinical trials have been performed 
in adults.” '° Both studies reported an increased 
incidence of rejection on a steroid-sparing 
regimen, with possible benefits in terms of a 
reduction in the incidence of hypertension, 
serious infections, and the development of 
diabetes. A recent survey of paediatric heart 
transplant practice in the USA showed that 74% 
of centres used steroid-based maintenance 
immunosuppression (cyclosporin, prednisolone, 
azathioprine), 17% used cyclosporin and 
prednisolone, and 26% used steroid-sparing 
regimens.” Since the inception of our paediatric 
cardiac transplant programme in 1987, we have 
adopted a steroid-sparing maintenance im- 
munosuppression regimen, consequent upon 
our concern about the effects of steroids on 
growth and infection in this age group. We 
present in this report the medium term results 
of our regimen in 16 children who have survived 
orthotopic heart transplantation. 


Table 3 Lineartsed rejection 


Paediatric cardiac transplantanon with sterord-sparing maintenance tmmunosup pression 


SURVIVAL 

Of the 17 children, one died in the immediate 
postoperative period of primary donor organ 
failure. All other children in this series have 
survived OHT and are alive at current follow 
up. Actuarial survival at one year is 94%. The 
risk of paediatric OHT is documented to be 
higher than adult OHT: operative mortality is 
24% in children <4 years and 16% in children 
5~9 years.' Donor organ preservation failure, 
donor right heart failure associated with reci- 
pient pulmonary hypertension, difficulty in 
reconstructing complicated pulmonary artery 
anatomy, and haemorrhage are often respon- 
sible.' '! There seems to bé general consensus 
that OHT is contraindicated if the pulmonary 
vascular resistance index (PVRI) is greater than 
5-6 Wood units/‘m* despite pharmacological 
manipulation'*'*; the risk becomes pro- 
hibitively high if this is associated with pre- 
operative inotrope dependency.!* The majority 
of our patients with congenital heart disease had 
a ‘protected’ pulmonary circulation by virtue of 
their pulmonary artery banding or pulmonary 
stenosis, and only one of our patients with 
cardiomyopathy had a PVRI of >6. These 
factors may explain at least in part our excellent 
operative mortality. On the other hand, we have 
not had any technical deaths attributable to 
previous pulmonary artery banding (four 
children) or systemic-pulmonary shunting (three 
children). 


REJECTION 

Table 3 compares the linearised incidence of 
rejection in our patients with those figures 
published by other centres. The different series 
are not directly comparable, as the age composi- 
tion of the patient groups is different and the 
method of rejection surveillance dissimilar. 
Nevertheless the various incidences are within 
the same order of magnitude, regardless of 
whether steroid-sparing or steroid-based main- 
tenance immunosuppression was employed. The 
real question is whether the tendency to reject is 
the same in infancy, childhood, and adolescence. 
Animal experiments suggest that the host 
immune response is less aggressive and more 
easily controlled shortly after birth, and clinical 
observations have confirmed that the newborn 
infant (0-30 days) may be immunologically the 
best possible recipient of a cardiac allograft.’® 
Other workers have reported that rejection 
occurred more commonly in adolescents than in 
children and infants,'’ although we have not 
found a significant difference in the frequency 
of rejection between infants and older children. 
We have, however, experienced difficulty in 


incidences ın published senes 
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weaning two of our older children from steroids 
after augmented immunosuppression for rejec- 
tion, and other workers have’had similar experi- 
ences.'' !8 Significantly, late deaths from 
rejection have been reported in most published 
series involving older children!!!” !™? but not 
infants.'° 7° 2! These observations support the 
concept of a ‘window of opportunity’ in neo- 
natal, and perhaps early childhood trans- 
plantation, which may be reflected by the 
satisfactory control of rejection with a less 
aggressive immunosuppressive regimen. 


LATE COMPLICATIONS 

The most frequent late complications in paedia- 
tric OHT are infection, hypertension, renal 
impairment, and growth retardation.’ Of 
greater concern, although occurring less fre- 
quently, are malignancies and coronary artery 
disease. 


In common with some other published 
series'’ '? 70 there were no late deaths due to 
infection in our patients. However, this cannot 
be attributed to our steroid-sparing main- 
tenance regimen as similar results have been 
reported with  steroid-based maintenance 
immunosuppression.'” '? Minor infections and 
undiagnosed fever were common reasons for 
hospital admissions among our patients. These 
admissions were more precipitated by the 
spectre of rejection and overwhelming infection 
than the severity of the illness, and it is perti- 
nent to note that neither has been a problem 
beyond the first year. Nevertheless, two chil- 
dren have had troublesome and persistent chest 
infections requiring recurrent admissions and 
prolonged courses of antibiotics. Like others, 
we have not noted a greater frequency of minor 
ailments in our patients over that of children in 
the general population.”* 

Hypertension is a common adverse effect of 
cyclosporin treatment,’ which may be poten- 
tiated by steroids.** It has been reported to 
occur in 40-96% of children undergoing 
OHT.!® }? Our experience is in accord with the 
former figure. Nephrotoxicity is another 
common adverse effect of cyclosporin,” although 
long term renal impairment may not be as great 
a problem as feared.’® '® 7° Indeed, a recent 
report suggests that renal function can be 
preserved in paediatric patients if the whole 
blood trough concentration was maintained 
between 100 and 200 ng/ml.*” However, all 
three children with estimated GFR <80 ml/ 
min/1-73 m? in our series had normal preopera- 
tive renal function, although one had docu- 
mented reflux nephropathy. 

At the tme of OHT, our patients were 
substantially shorter than normal. This may be 
due to the multifactorial, though well recognised, 
adverse effect of cardiac failure on growth.”* In 
all our patients in whom adequate growth data 


Le 


E REAA ER ae fa ae is available, catch-up growth is observed during 

ist month 1st 3 months the first year after transplantation. While 

„ 38 years 038 0-17 CA Non-invasive surgical correction of congenital heart disease 

fe Luga oa kak A aii frequently improves growth?” there is limited 
Stanford" 7-4 years 0-67 (0 34}} CPA Biopsy and conflicting data on the effects of OHT. 


With steroid-based maintenance immuno- 


C=cyclosporin; A=azathioprne, P=prednisolone. : 
suppression, some groups have reported growth 


"First year of life only, biopsy thereafter, third month 


126€ 


retardation -n up to 75% of children younger 
than 14 vears,”° while others have demonstrated 
normal zrowth after transplantation.'’ '? The 
use of stero.ds zor cumulative periods of more 
than one month, at two or more times the 
physiolegicel replacement dose, has been impli- 
cated in those children with unsatisfactory 
growth afte: transplantation.” Therefore, the 
use of a stecoid-sparing maintenance immuno- 
suppression. regimen may in part explain the 
excellent initial growth response observed in 
our patients after OHT. Nevertheless, after the 
first year, our patients as a group remain shorter 
than nozma., ard the catch-up effect appears to 
wane. Further analysis of the data is limited- by 
the lack of bone age measurements: it remains 
to be seen with prolonged follow up whether 
these children have a normal growth potential, 
but with some constitutional delay. 

Finally, the occurrence of accelerated 
arterios-lerosis and lymphoproliferative diseases 
in paediatic OHT patients is well esta- 
blished.!! }” 3! although we have not, as yet, 
noted e:thez in our patients. The use of steroids 
may theoreticelly contribute to the former,? 
while the use of cyclosporin and azathioprine 1s 
known to be associated with the latter. It 
remains to be seen whether a steroid-sparing 
maintenance immunosuppression regimen wul 
result in reduced graft coronary artery disease in 
this age group, although there is evidence in 
adults that -his may be so.*? 


CONCLUSION 

These results confirm that a steroid-sparing 
maintenance immunosuppression regimen con- 
sisting of cyclosporin and azathioprine can be 
successfully used in paediatric OHT, with 
acceptable ear_y and late morbidity. Potential 
benefits imclude improved growth. Further 
follow up is required to determine if this 
regimen results in a reduced incidence of 
accelerated graft coronary artery disease. 
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Intravenous immunoglobulin in HIV-I infected 


haemophilic patients 


N Wagner, R Bialek, H Radinger, H H Brackmann, M Becker 


Abstract 

In order to evaluate the efficacy of intravenous 
immunoglobulin (IVIG) in the early stages of 
HIV infection (patients without AIDS or 
AIDS related complex) a prospective con- 
trolled open trial was conducted in 36 patients 
(age 6-19 years) with haemophilia. Eighteen 
patients received 0-3 g/kg IVIG at two week 
intervals; 18 patients served as controls. 
Major criteria for the evaluation were pro- 
gression of HIV disease assessed by the 
modified Brodt/Helm classification, number 
of infectious events and HIV associated 
thrombocytopenia, and the CD4+ T cell 
count. After 24 months of evaluation seven 
patients in the IVIG group and five patients in 
the control group deteriorated according to 
their staging, with one patient in each group 
developing AIDS. Thrombocytopenia and 
infectious events, but no severe bacterial 
infections, occurred in both groups in similar 
numbers. The absolute CD4+ T cell count 
decreased by 284/u] in the IVIG group and by 
143/ul in the control group respectively (mean 
values). The statistical analysis of these 
criteria did not reveal any significant 
difference. 

In conclusion, IVIG was not effective in 
the early stages of HIV infection in patients 
with haemophilia. IVIG did not slow down the 
progression of HIV disease and did not 
prevent the development of an immunodefi- 
ciency as assessed by the CD4+ T cell count. 


(Arch Dis Child 19923;67:1267-—71) 


A large proportion of patients with haemophilia 
acquired HIV-I infection because of the use of 
commercial clotting factor concentrates that had 
not been virus inactivated.’ As in other risk 
groups, HIV infection in patients with hae- 
mophilia often leads to deterioration of the 
immune system and results in AIDS with 
opportunistic infections.? * The progression of 
HIV infection in paediatric patients with hae- 
mophilia is evident but runs a slower course 
when compared with the progression in adult 
HIV infected patients with haemophilia.‘ ° 
Paediatric AIDS is more often associated with 
bacterial infections than it is in AIDS in adults.° 

The efficacy of intravenous immunoglobulin 
(IVIG) in primary immunodeficiencies like 
agammaglobulinaemia and common variable 
immunodeficiency is well established.’ The 
application of IVIG is largely safe with regard to 
the frequency of anaphylactic and non- 
anaphylactic reactions, as well as regarding the 


transmission of infectious agents.* During recent 
years, the use of IVIG has been extended to 
diseases in which a possible immunomodulatory 
effect of IVIG could be of advantage. Examples 
of this application of IVIG include the manage- 
ment of idiopathic thrombocytopenic purpura, 
Kawasaki syndrome, and certain forms of 
rheumatic disorders.” 

The use of IVIG in paediatric AIDS was first 
shown to be effective in 1986, resulting in a 
decreased number of bacterial infections and in 
an increase of CD4+ T cells.'° A more recent 
multicentre trial studying IVIG application in 
symptomatic HIV disease in children showed a 
significantly increased time free of severe 
bacterial infections in the treatment arm, but no 
effect on mortality was observed. !! In the latter 
study patients with haemophilia were not 
included. 

Therapeutic approaches to HIV infection 
have changed from treating the clinical mani- 
festations of AIDS only to the development of 
prophylactic regimens with early use of antt- 
retroviral, antibiotic, and antifungal drugs in an 
attempt to delay the immunological deterioration 
and to prevent episodes of opportunistic infec- 
tions. In this controlled prospective open trial, 
we studied the effects of IVIG in early stages of 
HIV infection (patients without AIDS or AIDS 
related complex) in haemophilic children and 
adolescents during a 24 month period. 


Patients and methods 

INCLUSION CRITERIA 

Confirmed diagnosis of HIV infection in patients 
with haemophilia A or B, persistent generalised 
lymphadenopathy (according to the definition 
of the Centers for Disease Control, CDC, 
Auanta), or a CD4+ T cell count of <35% of 
lymphocytes were the criteria used for inclusion 
in the study. No patients already suffering from 
AIDS or AIDS related complex (CDC criteria) 
were included. 

Thirty six male patients aged 6 to 19 years 
(mean age 14°8 years) fulfilled these criteria and 
were enrolled in the study. The patients or their 
parents gave their informed consent. For the 
evaluation matched controlled pairs of patients 
were formed. All pairs were matched by age and 
stage of HIV infection. One patient from each 
pair received [VIG and the other patient received 
observation only. Eleven pairs (22 patients) 
were randomly assigned to the treatment or the 
control group; in seven pairs (14 patients) the 
patients were assigned to one of the arms 
according to the patient’s or his parents request 
to receive IVIG or to belong to the control 
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group. At the time of entry no patient had 
previously been treated with IVIG or anti- 
retroviral d-ugs. 


IVIG APPLICATICN 

Patients on the treatment arm were given 0-4 g/ 
kg IVIG CYen:mmun, Behringwerke AG) on 
four consecutiv: days followed by 0-3 g/kg IVIG 
at 14 day intervals. On average, the IVIG 
infusions lasted a mean (SD) of 2:9 (0°6) hours. 
The study was designed for an evaluation period 
of 24 months. According to the guidelines of the 
Bundesministerium fuer Frauen, Familie, 
Jugend umd Gesundheit, of the Federal 
Republic cf Germany, adverse effects were 
directly reported to the study centre and 
evaluated fr the necessity of terminating the 
IVIG applicaticn. 


EVALUATION CRITERIA FOR THE EFFICACY 

OF IVIG 

The major criteria for studying the effects of 
IVIG were the progression of disease stage 
according zo the Brodt/Helm classification,'? 
the incidemce of infectious events and HIV 
associated thrombocytopenia (defined as a 
platelet count <100x 107/1), and the CD44 T 
cell count. In addition to the opportunistic 
infectians fulfilling the AIDS case definition of 
the CCC, -he following were also included as 
infecticus events: fever of unknown origin for 
more than one week, recurrent diarrhoea of 
more than three stools per day for more than 
one week. herpes zoster, oral candidiasis, 
pneumonia, bronchitis, sinusitis, and otitis 
media. The Brodt/Helm classification was used 
because it does not take account of the patient’s 
age. This ig in contrast to the CDC classification 
system. which would have divided our study 
group into twc different classifications (that is 
patients above and below 13 years of age) and 
thus would heve complicated the comparison 
between the study arms. As shown in table 1, 
the Brodt/Helm classification was modified for 
this study by using the ratio of CD4+ T cells to 
lymphccytes (this is not the ratio of CD4+ T 
cells to CE8+ T cells), which has been shown 
to be a relieble prognostic indicator of immuno- 
logical deterioration in HIV infection.” ”? 
During tke study physical and laboratory 
examinatioas cf the patients were performed at 
the entry and at three month intervals 
thereafier. 


LABORATORY TESTS 
The following laboratory tests were performed 


Table I Modifred Brodt/Helm classificanon of HIV 
infection 


Stage Lefiniwon 

la Eealtty seronegative subject at risk of HIV infecnon 

lb Fealthy seropositive subject, no immunodeficiency 

2a seropositive patient with lymphadenopathy 
syndrome or CD4+ T cells <25% (of 
lym ohocytes) 

2b Seropcsitive patient with severe immunodeficiency 
anda CD44 T cell count of <35Wul or <20% (cf 
oe 

3 FIDS {CDC definition) 
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at three month intervals: red cell count, white 
cell count, measurement of the erythrocyte 
sedimentation rate (in mm in the first hour), 
liver function tests including alanine amino- 
transferase and glutamyltransferase by conven- 
tional commercial tests (Boehringer), and IgG, 
IgA, and IgM by nephelometry. Peripheral 
lymphocyte subpopulations were assessed by 
flow cytometry using commercial monoclonal 
antibody reagents (obtained from Ortho Diag- 
nostics or Becton Dickinson). In case of illness 
additional diagnostic work-up was performed as 
clinically indicated: chest radiography, ultra- 
sonography of the abdomen, electroencephalo- 
graphy, microbiological studies and cultures of 
blood, spinal fluid, throat swabs, stool, and 
urine. 


STATISTICS 

The structural similarity of the IVIG group and 
the control group was verified for the age of the 
patients and the CD4+ T cell count at entry by 
Student’s ¢ test and for the initial staging 
according to the Brodt/Helm classification by 
Bowker test.!* The above listed main criteria to 
investigate the efficacy of IVIG were considered 
by the Wilcoxon-Mann-Whitney test and 
Bowker test. After six and 12 months, interim 
analyses were performed with increasing signi- 
ficance levels." Herein the significance levels 
were 0:5% for the first interim analysis after six 
months, 1:4% for the second interim analysis 
after 12 months, and 4:5% for the analysis at the 
end of the study. 


ETHICS 

This study was performed according to the 
permission of the ethics committee of the 
medical faculty at the University of Bonn. 


Results 

IVIG APPLICATION AND ADVERSE EFFECTS 

The evaluation period was a mean (SD) of 24-0 
(2:3) months in the IVIG group and 24°4 (1:7) 
months in the control group. In five patients one 
to two infusions were missed during the course 
of the study. In total, 1018 IVIG infusions were 
given. In 35 of these 1018 infusions adverse 
effects were reported. These consisted of head- 
ache, nausea, vomiting, fever, and urticaria. No 
anaphylactic reaction occurred. With the excep- 
tion of one patient, who was treated with 
antihistamines and corticosteroids for a non- 
anaphylactic reaction, no therapeutic interven- 
tions were necessary. In four cases the single 
infusion was stopped due to the adverse reaction. 
There was no case in which the necessity to 
discontinue the study was found. 

Two patients in the IVIG group and three 
patients in the control group were begun on 
zidovudine due to an immunological deteriora- 
tion during the study period. Four of these five 
patients also received inhaled pentamidine as 
primary or secondary prophylaxis of Pneumocystis 
carini pneumonia. 


PROGRESSION OF HIV DISEASE 
One 13 year old patient in the IVIG group 


f 
é 
¥ 


Intravenous immunoglobulin in HIV-I wnfected haemophiltc patents 


130 


120 


110 


80 


70 


ia 
% 90 l | XT 
Y% 


developed AIDS (P carinu pneumonia) after 12 
months of the study and died of cardiac failure 
after 22 months. A 6 year old patient in the con- 
trol group also developed AIDS (wasting syn- 
drome) and died one month after completion of 
the study. 

According to the modified Brodt/Helm classi- 
fication (table 1) one patient in the IVIG group 
improved, 10 patients did not change their 
staging, and seven patients showed a progression 
of their disease during the 24 months evaluation 
period. In the control group two patients 
improved, 11 patients remained stable, and five 
patients deteriorated. There was no statistically 
significant difference detected between the two 
groups (Bowker test, p>0°05). Table 2 
summarises these data. 


INFECTIOUS EVENTS AND HIV ASSOCIATED 
THROMBOCYTOPENIA 

As outlined in table 3, most infectious events 
that occurred were of minor severity with the 
exception of the one case of P carintt pneumonia. 
In both groups, 22 infectious events were 
counted. At least one episode of HIV associated 
thrombocytopenia developed in five patients in 
the IVIG group and in three patients in the 


a IVIG group 

0 Control group 
i i 
; aps 


9 12 15 18 21 24 27 
Months 


Figure 1 Changes m the reto of CD4+ Kii lymphocytes during 24 months represented 
as mean (SE) percentage of the minal values 


m IVIG group 
O Control group 
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Figure2 Changes tn the absolute ans + T cell counts during 24 months represented as mean 


(SE) percentage of the untial 
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Table 2 ips aah in Pug in the IVIG group versus 
the contral gr i n by the modified Brodt/Helm 
classtficanon of HIV ae 


Staging at entry and 
after 24 months 


Control group 
(n= 18) 


IVIG group 
(n= 18) 


2b to 2a l 
2a to 2a Fi 
2b to 2b 3 
2a to 2b 6 
2b to 3 l 


rot oe te g 


Table 3 Infectious events m the IVIG group versus the 
control group during 24 months evaluanon 

Infectious events IVIG group Control group 

(n= 18) (n=18) 

Ottis media 6 10 
Bronchins, acute 5 4 
Infectious diarrhoea 4 l 

Oral candidiasis l 3 

Herpes zoster l 2 

Sinusitis F : 

P carm pneumonia ] 0 

Fever of unknown ongin 1 6 


control group. One patient in the IVIG group 
and two control patients remained thrombo- 
cytopenic during the study; the IVIG treated 
patient experienced recurrent petechiae and 
epistaxis despite treatment with zidovudine as 
well. Overall there was no significant difference 
m the occurrence of infectious events and 
thrombocytopenia between the two groups 
(Wilcoxon-Mann-Whitney test, p>0:05). 


CD4+ T CELL COUNT 

The absolute count of the CD4+ T cells was a 
mean (SE) of 663 (67VYul for the IVIG group at 
the beginning of the study; the corresponding 
ratio of CD4+ T cells to lymphocytes was 0°241 
(0:017). After 24 months these parameters 
declined to a mean (SE) of 379 (56)/pl and to 
0-212 (0:018) respectively. Thus the absolute 
CD4+ T cell count decreased by a mean (SE) of 
284 (67Vul and the ratio of CD4+ T cells to 
lymphocytes decreased by 0:029 (0-013). In the 
control group the absolute CD4+ T cell count 
was a mean (SE) of 730 (98\¥ul initially and 
declined to 586 (76)/u1 after 24 months; this 
represents an average decrease of 144 (99)/ul. 
The ratio of CD4+ T cells to lymphocytes 
decreased by a mean (SE) of 0°038 (0:019) from 
0:246 (0:023) initially to 0-208 (0-023) at the last 
examination. The difference between the mean 
changes in the two groups was a mean (SE) of 
140 (119)/ul referring to the absolute CD4+ T 
cell count and was 0-009 (0°023) referring to the 
ratio of CD4+ T cells to lymphocytes. In figs 1 
and 2 the data of the CD4+ T cell counts (ratio 
and absolute count) are represented as percen- 
tages of the initial values. 

The statistical comparison (Wilcoxon-Mann- 
Whitney test) did not result in a significant 
difference for either the absolute CD4+ T cell 
count (p=0°275) or for the rauo of CD4+ T 
cells to lymphocytes (p=0°799). 


IgG 
In the IVIG group mean (SE) IgG concentrations 
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in sera were 23°14 (1°65) g/l at the beginning 
and 23:16 (2:09) g/l after 24 months respectively. 
IgG concertration in sera of the control group 
were 22:16 (2°84) g/l at the entry and 21°38 
(2°26) g/l at the last examination. 


Discussior 

To our knowledge this is the first prospective 
controlled study dealing with the efficacy of 
IVIG applcation in the early stages of HIV 
infection im haemophilic patients. The adverse 
reactions ported here that accompanied the 
administration of IVIG were of non- 
anaphylact.c character, and did not lead to dis- 
continuance of the study in any patient. Usually 
these side 2ffezts could be avoided by slowing 
down the infusion rate. These adverse reactions 
have been previously well described 
elsewhere. °'’ This study was performed in 
haemophil:c patients classified as having early 
stages of HIV -nfection. Patients already suffer- 
ing from AIDS or AIDS related complex were 
excluded trom the study in order to detect 
specifically whether there is a measurable 
therapeutic benefit with early use of this inter- 
ventional regimen. As shown in table 2 there 
was a considerable progression of HIV disease 
in both groups during the 24 months. In the 
IVIG group seven of 18 patients (38%) 
worsened eccording to the Brodt/Helm classifi- 
cation compared with five of 18 patients (28%) 
in the control 2roup. In each group one patient 
developed AIDS. The patient in the IVIG 
group died during the study, the patient in the 
control grcup died four weeks after completion 
of the stucy. In conclusion, any benefit of the 
IVIG treatmert in delaying disease progression 
as assessed by -he staging of the patients was not 
detectable. At the beginning of the study no 
patient received antiretroviral drugs or antibio- 
tics. Due -o immunological deterioration, and 
the in between established efficacy of zidovudine 
as an antiretroviral agent and of pentamidine for 
prophylaxss against P carinu pneumonia, these 
regimens were initiated in five patients. As 
these patients were rather equally distributed 
between tke two groups, this should not lead to 
a major bies. We can not rule out, however, that 
the institution of these drugs outweighs a poten- 
tial benefitof IVIG. 

To date. there has been no published study 
dealing wich IVIG application in HIV infection 
in haemopailiccs. Therefore the results must be 
compared wita studies of IVIG treatment in 
other risk grcups. The National Institutes of 
Health multicentre trial in children with verti- 
cally transmitted symptomatic HIV infection 
did not result in a lower mortality in the IVIG 
group.'! Other reports, however, showed 
appreciabl= improvement of neurological symp- 
toms suck as psychomotor development and 
other clinical symptoms, such as lymphoid 
interstitial hyperplasia not directly related to 
bacterial infections; unfortunately, these studies 
lacked a ccntrol group.!® !? 

Bacterial infections are a major cause of 
illness in paediatric AIDS or AIDS related 
complex.® “° 4 In this study only mild infections 
occurred in both groups during the 24 months, 
with the exception of the one case of P canntt 
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pneumonia. This may be due to the onset of the 
study in early stages of HIV infection. In 
addition, most haemophilic patients in this 
study were infected with HIV after their first 
years of life, compared with the prenatal or 
perinatal infection in vertical transmission of 
HIV. For this reason the patients in this study 
may be even more representative of the adult 
type of HIV infection, where the virus en- 
counters an already developed immune system. 
It is possible that an evaluation period beyond 
24 months could eventually lead to the observa- 
tion of a benefit of IVIG treatment. However, 
any potential benefit must be balanced against 
the inconvenience and the time involved in the 
administration of the drug. The National 
Institutes of Health study clearly demonstrates 
the efficacy of IVIG in the reduction of bacterial 
infections and number of hospitalisations in 
prenatally or perinatally HIV infected children. 
But this effect was limited to the patients with 
more than 200 CD4+ T cells/ul, whereas ın the 
patients already presenting with a CD4+ T cell 
count below 200/ul at entry this benefit was not 
evident.'! In addition, another study conducted 
earlier but lacking a control group also reported 
a reduction in the number of infectious 
episodes.” 

The number of CD4+ T cells represents an 
important prognostic indicator’ !? and therefore 
is a useful laboratory tool to identify the 
immunodeficiency developing in HIV infection. 
In this study the absolute CD4+ T cell count 
and the ratio of CD4+ T cells to lymphocytes 
were assessed at three month intervals. Both 
parameters declined in the two groups as shown 
in figs 1 and 2. In addition both parameters 
showed a high standard error. This may be a 
reflection of our relatively small sample size. No 
statistically significant difference was detectable, 
so IVIG did not lead to a delay in the develop- 
ment of immunodeficiency when assessed by 
the CD4+ T cell count. In another study the 
number of patients whose CD4+ T cell count 
improved during IVIG treatment was reported 
to be significantly higher than in the control 
group, but no details are available regarding the 
comparibility of the study groups and regarding 
the method of patient assignment to any of the 
study groups. ?° The end points of the National 
Institutes of Health study did not include the 
CD4+ T cell count.!? l 

This prospective, controlled study was 
conducted in order to evaluate the efficacy of 
IVIG in early stages of HIV infection in 
haemophilic patients. In conclusion, after 24 
months no significant effect was detected in 
comparison with the control group as assessed 
by (1) the progression of HIV disease defined by 
the modified Brodt/Helm classification, (2) the 
number of infectious events and occurrence of 
HIV associated thrombocytopenia, and (3) the 
CD4+ T cell count. Whether there is a benefit 
of IVIG after manifestation of AIDS in hae- 
mophilic patients cannot be concluded from 
these data and needs further evaluation. 

This study was in part presented on the Seventh International 
Conference on AIDS, rence, 1991. 
The authors are grateful to Dr G Rosenkranz for help with the 


statistical analysis and to Dr C Twist for carefully reading the 
manuscript. 
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Gastrointestinal complications of gastrocystoplasty 


B D Golc, F S Bhoopalam, R M Reifen, E Harvey, M A Marcon 


Abstract 

The cases are reported of five children with 
chronic renal failure who underwent gastro- 
cystoplast fcr a variety of urological dis- 
orders. Gastrocystoplasty comprises the 
transplantation of a vascularised segment of 
stomach to the bladder to form an augmented 
neobladder. The patients had gastrointestinal 
complications after the operation, including 
considerable weight loss in all five patients, 
accompan ed by marked failure to thrive in 
four of thz five patients, and food aversion, 
feeding mtckrance, dumping syndrome, 
delayed gzstriz emptying, and oesophagitis in 
two patients. Three of the five patients 
developed severe abdominal pain and hae- 
morrhagic cystitis secondary to gastric acid 
secretion in the neobladder from the trans- 
planted gastri: pedicle. Nutritional and phar- 
macological interventions were used to manage 
the gastrcintestinal problems. Explanations 
are offered for the pathophysiology of the 
observed complications of gastrocystoplasty. 
It is believed that the use of this procedure in 
infants and ciildren, particularly those with 
chronic renal failure and uraemia, warrants 
caution uatil successful long term follow up 
and experence with this procedure have been 
reported. 


(Arch Dis Chald 1392;67:1272-6) 


Gastrocystoplesty is a technique that uses a 
vascularised segment of the stomach to replace 
or augment the urinary bladder. The more 
common use of ileal, caecal, jejunal, and colonic 
segments for this purpose has been well 
described.1* Two major series have been 
reported tor the use of gastrocystoplasty in 
children.* * Bladder augmentation is most often 
used afte? cystectomy in adults who have 
tuberculoss of the bladder or bladder 
carcinoma,’ and in children who have uro- 
dynamic dysfunction (such as ne enic 
bladder or bladder outlet obstruction),! *” The 
most common urodynamic disorder in children 
that requires bladder augmentation is a trabecu- 
lated, low compliance bladder, which often 
occurs in boys with posterior urethral valves 
and chron:c vesicoureteral reflex.’ 

Owing to the potential metabolic distur- 
bances’ amd nutritional consequences of using 
bowel segments,’ the use of stomach segments 
for bladder augmentation has been suggested. 
Although -his technique has been studied in two 
types of enircal model,'' the complications of 
this operation in children and adults have not 
been described. This paper describes the gastro- 


intestinal complications after gastrocystoplasty 
in five children and addresses the management 
of these patients. 


Case reports 

Gastrocystoplasty, as a form of bladder aug- 
mentation and an alternative to more conven- 
tional bladder augmentation techniques, was 
performed on five children with different uro- 
logical dysfunctions at The Hospital for Sick 
Children, Toronto, Ontario, from 1987 to 1991. 
This operation comprised 5% of the total of 90 
bladder augmentations performed at our insti- 
tution during this period. These five children 
(three boys, two girls) ranged in age from 20 to 
84 months. All five children had chronic renal 
impairment, and two were receiving hae- 
modialysis at the time of the operation. The 
patients reported no underlying gastrointestinal 
Or nutritional symptoms before gastrocysto- 
plasty. All five patients had failure to thrive four 
to six months after gastrocystoplasty. 


PATIENT | 

A 10 month old girl with urogenital sinus 
anomaly, cloacal extrophy, dysplastic kidneys, 
and a small bladder, which led to her initial 
bladder augmentation, a gastrocystoplasty, sub- 
sequently developed intermittent acidosis and 
alkalosis, and continued to have a low com- 
pliance, low volume bladder necessitating a 
second bladder augmentation, this time an 
ileocystoplasty. Nissen fundoplication was also 
performed during the ileocystoplasty because 
she developed refractory gastro-oesophageal 
reflux after gastrocystoplasty. Four months 
after the operation she developed cyclic vomiting, 
dumping syndrome, and food aversion. Investi- 
gations included an upper gastrointestinal series, 
a technetium-99 gastric emptying scan, a 
feeding study with fluoroscopy, preprandial and 
postprandial blood glucose monitoring, and 
upper endoscopy with biopsy sampling. Table 1 
lists the findings and therapeutic interventions. ! 
After treatment, her dumping syndrome and 
food aversion resolved, and the patient showed 


appropriate weight gain. 


PATIENT 2 

A 54 month old boy with a small non-compliant 
bladder, who was receiving haemodialysis for 
renal failure secondary to posterior urethral 
valves, became anephric at gastrocystoplasty. 
After the operation he had severe abdominal 
pain, dysuria, haematuria, and hyperchloraemic 


~ 
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Table 1 Renal function, weight before and after surgery, and findings and treatment after gastrocystoplasty 





Deta Pateni I Paneni 2 Patent 3 Patient 4 Pateni § 
Glomerular filtranon 35 <10 (prenephrectomy) <10 17 45 
rate 
iml/nun 1:73 m*)* 
Weight (k 7 917-4 12-611 6 18:0/17-0 15 5/147 17-8/16-0 
defare/ 
surgery 
Findings Rapid gastric ng, Haemorrhagic cystitis Normal to rapıd c Haemorrhagic cystitis, Haemorrhagic cystitis, 
p ee acidic mtrabladder pH emptying, a ai acklic intrabladder pH acidic urine pH 
yper/h caemin, stomach, narrow 
endoscopy short deformed antrum, mild 
straight stomach and gastritis, severe 
antrum absent, normal oesophagitis 
biopsy samples 
Treatment Small frequent feedings Bladder irrigation with Short term total parenteral Bladder irngation with Omeprazole 
by mouth, addivon of bicarbonate, ranitidine, nutrition, cisapride and ¢, ranitidine 
cornstarch aod medium omeprazole ranitidine 
chain triglyceride ol, 
continuots c 
overnight feeds, 


bolus feeds 


* Approximate glomerular filtranon rate calculated with the Schwartz method; values given are for before the gastrocystoplasty (reference normal value at this institution 
>100 ml/muin/1:73 m^). 
Four to six months after gastrocystoplasty. 


alkalosis. Investigations included cystoscopy, 
and intragastric and intrabladder pH measure- 
ments, His suprapubic pain was consistently 
associated with a bladder pH of less than 2, and 
the resolution of symptoms was associated with 
an increase in bladder pH (table 2). He 
initially received ranitidine and intrabladder 
bicarbonate irrigation, but the pH decreased 
two hours after bicarbonate irrigation and his 
symptoms resumed (tables 1 and 2). Sucralfate 
bladder irrigation was not successful because of 
intrabladder concretions. Treatment with 
omeprazole gave a resolution of symptoms, 
maintenance of normal intrabladder pH, and an 
increase in intragastric pH (table 2), with an 
increase of gastrin in serum samples to 3105 ng/l 
(reference range 0-75 ng/l). He has gained 
weight appropriately, but has required main- 
tenance treatment with omeprazole for symp- 
tomatic relief despite renal transplantation and a 
glomerular filtration rate of 74 ml/min/1:73 m7. 


PATIENT 3 

A 62 month old boy with a small non-compliant 
bladder, who was receiving haemodialysis for 
renal failure secondary to posterior urethral 
valves, underwent an unsuccessful gastrocysto- 
plasty and subsequent ileocystoplasty. He sub- 
sequently developed food aversion, nausea, 
vomiting, and early satiety, in addition to 
hypoalbuminaemia (albumin concentration 24 
g/l) without significant proteinuria. Investiga- 
tions included upper gastrointestinal series and 


upper endoscopy with biopsy sampling (table 
1). The patient gained weight adequately after 
therapeutic intervention and had no additional 
gastrointestinal disorders at follow up. 


PATIENT 4 

Four months after gastrocystoplasty for a 
neurogenic bladder this 80 month old boy with 
Vater association developed abdominal pain and 
haematuria. Investigations included cystoscopy 
and intrabladder pH measurements (tables 1 
and 2). This patient did not receive omeprazole 
as he found his symptoms tolerable with 
ranitidine and intrabladder bicarbonate irriga- 
tion (table 2). Six months after treatment had 
begun it was discontinued without recurrence of 
symptoms. 


PATIENT 5 

A 40 month old girl with urogenital sinus 
anomaly, high cloacal anomaly, anomalous 
ureteric implantation, small kidneys, and a 
small bladder, underwent gastrocystoplasty 
during genitourinary tract reconstruction. Three 
months after her gastrocystoplasty, she 
developed severe lower abdominal pain and 
bladder spasm, with symptoms intensifying 30 
minutes to one hour postprandially. Neither 
cystoplasty nor other investigations were per- 
formed. Omeprazole (10 mg/day) successfully 
resolved her symptoms; her urine pH three days 
after treatment with omeprazole was 4'2. A pH 


Table 2 Intrabladder and mtragastric pH before and after treatment 





pH Patent 2 (amic) 


Panent 4 


Intrabladder pH” before treatment 0-5-20 with GI and GU symptomst 
Intrabladder pH one hour after bladder 5-5-8-0 without symptoms 


irrigation with bicarbonate 
1:5-20 with GI and GU symptoms 


10-15 with GI and GU symptoms} 
60-7 5 without symptoms 


2 5-3-0 with minimal symptoms 
Not applicable 
Not applicable 


Intrabladder pH two hours after bladder 
Irrigation with bicarbonate 
Intrabladder pH after treatment with 5 0-7:0 without symptoms 


Intragastric pHt after treatment with 4 5-00 
omeprazole 


*Intrabladder pH obtained by catheterisation. 
loran pH _ obtained by nasogastric tube 
[=gastrointestinal; GU=genitourmary 
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value for urine free of omeprazole has not been 
obtained. She ts still being treated with omepra- 
zole for symptomatic relief after two unsuccess- 
ful attempts to discontinue the drug. 


Discussior 

Although bladder augumentation with part of 
the gastrointestinal tract was described nearly 
100 years ego.’ descriptions of the sequelae of 
this procedur2, particularly gastrointestinal 
tract ccmp-icanons, have been difficult to find. 
Furthermo-e, >ladder augmentation effects on 
nutriticnal stztus have only recently been 
reported sioving no long term changes in 
vitamin B-12, carotene, and albumin concentra- 
tions.'° Metabolic complications after entero- 
cystoplasty . such as chronic acidosis and rickets, 
have been described in children,'* and hyper- 
chloraemic metabolic acidosis and diminished 
acid chailemge capacity have been described in 
children end anımal models of bladder 
augmentation.” |! 

Using a canine bladder augmentation model, 
Piser et al snowed a net reabsorption of chloride, 
ammonia, phosphate, and sodium in animals 
who urderwent colocystoplasty compared with 
those who underwent gastrocystoplasty.'’ Guan 
et al, using Long-Evans rat species, studied the 
short and long term effects of ileal, colonic, and 
gastric segment cystoplasties.'> They found that 
all voiding parameters, renal function, and 
biochemical profiles remained normal; levels of 
mucus Drocuction in the neobladder were higher 
in patients with gastrocystoplasty and colo- 
cystoplasty than in those with ieocystoplaszy; 
and ursepmthelialisation of the graft occurred, 
with native transitional epithelium extending 
over the finctional margin of the graft and 
covering the enteropatch mucosa as seen at 
necropsy. 

The effect of chronic renal failure on bladder 
augmentatDn with stomach rather than sigmoid 
colon segments has been reviewed in the canine 
study by Kennedy et al.'© Their results indicate 
that gastrocystoplasty is a superior technique 
for the trea-meat of the azotaemic canine. These 
animals tolerated significantly greater acid load- 
ing and cid not have the hyperchloraemic 
acidosis and weight loss of the other animals 
who underwen: enterocystoplasty. 

Reports of bladder augmentation in children, 
including gastrocystoplasty, have not addressed 
the gastro_ntestinal complications that seem 
physiologically inherent in this procedure. 
Adams et al, in the largest series to date, 
described 10 patients undergoing gastrocysto- 
plasty who hac. no sequelae or complications.” 
Follow up however, occurred only at one and 
three months, less than the average follow up 
interval (five months) for our series, at which 
time comp-ications became apparent and clini- 
cally significact. In addition, Adams et al did 
not measure g:omerular filtration rate, a more 
accurate indicator of renal function, making less 
clear tke degre2 of renal compromise existing in 
their patients before and after gastrocysto- 
plasty. -7 

Two sticlies of animal models reported that 
the use of stomach segments is a viable alterna- 
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tive and has functioned well, causing no gas- 
trointestinal complications or genitourinary 
problems.'> © Others, using a canine model, 
have shown that urine, or some component of 
urine, appears to suppress antral gastrin secretion 
as measured by serum gastrin concentrations 
and antral G cell hyperplasia.’ '* Lau et al 
showed that 4% aqueous peptone solution 
instilled into exteriorised antral pouches caused 
a significant increase in mean serum gastrin 
concentrations, compared with little or no 
change in mean serum gastrin with a 4% 
aqueous peptone solution in concentrated dog 
urine.'* Muraishi et al, however, reported a 
markedly decreased postprandial urine pH 
(2°4-4-2) in six dogs undergoing gastrocysto- 
plasty at six months’ follow up.'? More impor- 
tantly they found that histological erosions 
developed in the bladder remnant in five dogs, 
and an ulcer in the native bladder remnant in 
the sixth dog. Tiffany et al reported severe 
hypergastrinaemia after the operation that led to 
the development of gastric ulcers in dogs 
undergoing gastrocystoplasty.*° Renal function 
was not addressed in these studies. 

Based on our findings for patients 2, 4, and 5 
in our series, we believe that their native 
bladder epithelium lacked some form of cyto- 
protection against the normal acid production of 
the transplanted gastric segment. Cystoscopy in 
two of these patients showed haemorrhagic 
cystitis of the native bladder, but not of the 
transported gastric segment, probably the con- 
sequence of acidic urine. 

Epidermal growth factor, or urogastrone, a 
normal constituent of canine and human urine, 
has been shown to inhibit gastric acid secretion 
after parenteral administration and is required 
for ongoing urinary tract epithelial growth. 
Honkoshi et al have shown that decreased 
production of epidermal growth factor and local 
differences of epidermal growth factor concen- 
trations may be contributing factors to the 
development of dysplastic mesonephric tissue 
and also to normal urinary tract epithelialisa- 
tion.”’ It may be important to ensure quality 
urine production before gastrocystoplasty to 
provide adequate epithelialisation of the neoseg- 
ment from the surrounding native bladder 
epithelium and thus protect it from acid 
secretion. Inadequate amounts, low concentra- 
tions, or mactivation of growth factors, or lack 
of some other factors may have contributed to 
the bladder pathology.” ** Lack of cytoprotec- 
tion may explain why patients 2 and 4, who had 
comparable glomerular filtration rates, deve- 
loped similar cystoscopic and clinical findings, 
compared with patient 1, who had a signifi- 
cantly better glomerular filtration rate and who 
developed none of the observed complications. 
Patient 5, however, was symptomatic and had 
clinical evidence of haemorrhagic cystitis and an 
acid urine pH early in the course of her 
treatment, despite a glomerular filtration rate 
similar to that of patient 1. The difference in 
quality of urine production in patients | and 5, 
resulting in one patient developing symptoms 
and the other not, may eventually be explained 
when the cytoprotection factors in urine can be 
evaluated. 


Gastrointestinal complications of gastrocystoplasty 


Neutralisation of acid urine provided relief in 
all patients. Bladder irrigation with bicar- 
bonate alleviated symptoms, but its effect was 
short lived and the procedure time consuming. 
Patients 2 and 4 had inadequate relief of 
symptoms with H, blockers and required treat- 
ment with omeprazole. Omeprazole is the first 
of a new class of drugs that inhibit gastric secre- 
tion by altering the activity of hydrogen/ 
potassium ATPase.** 7° This drug has been 
used in a variety of patients for whom hyper- 
acidity is a major problem (for example, 
Zollinger-Ellison syndrome) and who have been 
refractory to more conventional H, blockers or 
antacids.” 

Studies have implicated the long term use of 
omeprazole in gastric carcinoma in rats, 
secondary hypergastrinaemia, and hyperplasia 
of enterochromaffin cells.” In one study of the 
long term effects of gastrocystoplasty in rats,” 
follow up 18 months after the operation showed 
prominent histopathological changes of the 
bladder in the gastrocystoplasty group, ranging 
from atrophy of glands in the gastric patch, to 
tumours of the mucosal surface. Patients who 
are at risk for development of cancer because of 
immunosuppression after renal transplant may 
develop dysplastic changes in the bladder 
epithelium from long term exposure to an acid 
environment. We therefore believe that any 
patient undergoing gastrocystoplasty should be 
monitored with regular cystoscopy. Further- 
more, these patients may also require long term 
treatment with omeprazole, which may further 
enhance their risk of developing a malignancy. 

Patients with chronic renal failure may be at 
greater risk for gastrointestinal complications 
from gastrocystoplasty. Uraemia and chronic 
renal failure have often been reported as causes 
of gastrointestinal symptoms such as nausea, 
vomiting, anorexia, and poor weight gain. 
These symptoms may be aggravated by gastric 
surgery.’ 

Descriptions of the animal model of gastro- 
cystoplasty report the surgical excision of only a 
small segment of stomach from the gastric 
antrum to form the augmented neobladder.? 
Too small a gastric flap often results in inade- 
quate bladder augmentation. Conversely, the 
larger the gastric segment the greater the risk 
for developing gastrointestinal complica- 
tions.* 7 7? Therefore, patient size and age may 
be important factors in assessing suitability for 
this procedure. 

Gastrectomy, which alters gastric motility 
and changes gastric compliance, probably 
resulted in the symptoms experienced by 
patients 1 and 3, namely, vomiting, dumping 
syndrome and food aversion,*® 7! nausea and 
early satiety, and failure to thrive. The dumping 
syndrome of patient | was eventually alleviated 
by the addition of medium chain triglyceride oil 
and cornstarch to Peptamen (Carnation) 
delivered through a nasogastric tube to delay 
gastric emptying.'* The severe oesophagitis 
observed in patient 3 was probably avoided in 
patient 1 by the antireflux procedure (Nissen 
fundoplication) performed after the gastrocysto- 
plasty. We are not, however, advocating this as 
a concurrent procedure in all patients undergoing 
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gastrocystoplasty as Nissen fundoplication may 
be accompanied by complications such as rapid 
gastric emptying and dumping syndrome.’ 
The food aversion of patient 3 was probably due 
to severe oesophagitis.” ** With conventional 
treatment (cisapride, ranitidine, and a high 
carbohydrate, low fat diet), we were able to 
alleviate his symptoms. 

In summary, there are considerable gastro- 
intestinal complications associated with gastro- 
cystoplasty. As a result of the complications 
observed in all of our patients who have 
undergone gastrocystoplasty, we believe that 
the use of this procedure for bladder augmenta- 
tion in infants and children, particularly those 
with chronic renal failure, warrants caution. 
Future research should focus on animals with 
previously induced chronic renal failure. Only 
after long term follow up and more extensive 
experience with gastrocystoplasty in children 
will we be able to evaluate the viability of 
gastrocystoplasty as an alternative to more 
conventional techniques for bladder augmenta- 
tion. 


This paper was prepared with the assistance of Medical Publica- 
tions, The Hospital for Sick Children, Toronto, Ontario, Canada 
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Here’s a fascinating fact for you. I bet you didn’t know that Greek 
eggs contain eight or nine times as much docosahexaenoic acid 
(DHA) as standard American supermarket eggs (Artemis P 
Simopoulos and Norman Salem, Jr, Americar: Journal of Clinical 
Nutrinon 1992;55:411-4). But then, when the fatty acid has a 
name like that, they would, wouldn’t they? And if the author’s 
name had been Simopollochkov they’d probably have been Russian 


eggs. 


Studies have shown that infant formulas are lacking in such 
long chain polyunsaturated fatty acids which are present in human 
milk. DHA may be an essential nutrient as there is evidence that 
babies who don’t get enough cf it have deficient functioning of the 
retinal rods. Eggs are used as a source of fatty acids for infant 
formulas but their content of DHA varies according to how the 
hens were fed. American supermarket eggs were found to have a 
low content, eggs from hens fed on flax or on fishmeal contained 
more, but free range (Greek) eggs contained most of all. Other 
studies have shown that in plants, eggs, fish, and meat the wild or 
free varieties have a greater content of certain fatty acids than the 
cultivated or restrained. So that’s another one up for the Greens. 
Infant feeding is so complex it’s a wonder that any of us grow up 
to have an ounce of sense or even grow up at all (see Archivist 


1991:1290). 
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Prepubertal height velocity references over a wide 


age range 


B Rikken, J M Wit 


Abstract 

In order to correct height velocities for the 
confounders age and sex, SD scores can be 
calculated using the mean and the SD of the 
height velocity in the normal population. 
However, current methods are inappropriate 
for prepubertal children in the age range in 
which puberty occurs, because reference 
groups then consist of a mixed prepubertal/ 
pubertal population. The mathematical 
infancy-childhood-puberty (ICP) model opens 
up the possibility of dissecting the puberty 
component from the total growth curve. New 
references for height velocity for prepubertal 
children calculated over a 12 month interval up 
to the ages of 15-5 years (boys) and 13-5 years 
(girls) have been constructed on the basis of 
adaptations of the ICP model and the Swedish 
longitudinal growth study. 


(Arch Dis Child 19923;67:1277-80) 


In the evaluation of growth disorders, height 
velocity is one of the main parameters by which 
we recognise abnormal growth and judge the 
impact of therapeutic intervention. When groups 
of patients are studied, height velocity is usually 
expressed as SD score to remove the influences 
of age and sex. However, there is a serious 
methodological problem in using height velocity 
SD score for prepubertal children after the age 
at which children can start puberty. The refer- 
ence population then consists of a changing 
mixture of prepubertal and pubertal children so 
that the mean height velocity of the whole 
cohort does not represent the mean of the 
prepubertal children. This also leads to a non- 
Gaussian distribution. Therefore, mean and SD 
values for prepubertal children have been 
reported only up to the age of 8°75 years (boys) 
and 6°75 years (girls).! 

To extend the age range, the best solution 
would be to measure height velocities in a large 
group of prepubertal, healthy, but relatively 
late maturing adolescents. However, no such 
data are available. To overcome this problem, in 
British studies the 50th centile from the whole 
cohort is used as mean and a hypothetical fixed 
SD (identical to the SD in late prepubertal 
years) is taken until the end of growth (CGD 
Brook and PC Hindmarsh, personal communi- 
cation). However, the mixed prepubertal/ 
pubertal reference population gives an overesti- 
mation of the mean height velocity for pre- 
pubertal children. Others, including ourselves, 
have used height velocity SD scores for bone 


age by substituting bone age for chronological 
age, assuming that the mean height velocity for 
bone age in the population equals the height 
velocity for chronological age.* This assumption 
is theoretically plausible for healthy children 
with an average bone maturation, but becomes 
unlikely for children with an extreme delay or 
advance of bone age. For example, in children 
with a delayed bone age the height velocity SD 
score for bone age is lower than the height 
velocity SD score for chronological age, due to 
the downward slope of the mean height velocity 
curve. Furthermore, no data are available about 
the SD values for height velocity for bone age. 

In this paper we present a new method of 
obtaining age references for height velocity 
during the whole period in which healthy chil- 
dren can remain prepubertal. 


Methods 

As basis for our model we adapted the infancy- 
childhood-puberty (ICP) model.4 The reason 
for using this model is that it explicitly divides 
the total growth curve in a prepubertal and 
pubertal section. However, there are two dis- 
advantages to using the ICP model in its present 
form as a reference model for height velocity. 
Firstly, the prepubertal growth curve is com- 
posed of two components (the infancy and 
childhood component), of which the childhood 
component is supposed to start between 6 and 
12 months at a mean age of 9 months. Due to 
the abrupt introduction of this childhood com- 
ponent there is a sudden increase in mean 
height velocity at 9 months, which for indi- 
vidual patients with a mean onset of this compo- 
nent may be true but not for the whole reference 
population. Secondly, from 0-2 years of age the 
mean and SD of height velocity are presented 
over intervals of three and six months and there- 
after over intervals of 12 months, while it is 
known that the SD correlates inversely with the 
length of the interval.’ 

To correct for these problems we adapted this 
ICP model using the data from the Swedish 
longitudinal growth study. The reason for 
using the Swedish growth study is that it is 
based on-a relatively large sample and that the 
growth pattern of Swedish children in the 1960s 
is similar to the present growth of children in 
many northern European and North American 
populations. 71° 

The first problem of the ICP model was 
solved by smoothing the transition from the 
infancy to the childhood component by inter- 
positioning a second degree polynoma between 
the ages of 0°5 and 3-0 years. This polynoma 
had to meet the following requirements: 
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@ At t=0'50 it should connect exactly to the 
infancy ccmponent 
è At t=1°'75 it should be identical to the 
observed height velocity in the Swedish 
population 
è At t=3-C0 it should connect to the 
combmed infancy +childhood component. 
The second problem was approached by 
recalculatirg the whole year SDs in the first and 
second year (J Karlberg, personal communica- 
tion). Witk these data and the other Swedish 
prepuberta. SD data (boys<10 year, girls<8 
years), we constructed the best fitting curve, on 
the basis of the original equation from the ICP 
model, whick is an exponential curve 
(a+e "+*+, Because no data are available 
of the SD of prepubertal children during the 
years that some children from the reference 
population enter puberty, we extrapolated the 
SD after the ages of 10 (boys) and 8 (girls) years. 
The ages of 15-5 years (boys) and 13°5 years 
(girls) were taxen as upper limits because a 
prepubertal stage beyond these ages is assumed 
to be non-pnrysinlogical. The computer program 


Table 1 Equanons for mean height velocity (HV) on age t 


>05 and <3 ) yeers. 
HV (O)=artoy ttet 


aoe Gairis 
a; 711 25 28 
by: —12 73 ~~ 11597 
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Figurel = Theongtzal ICP model describing height veloci 
and our adaptaton. The IPC Growth Standard: Copyright 
c1987 J Karlterg ISBN 91-7900-265-X, and Copyright c 
wtthe US 1989 F Karlberg TX 2560 182; published with 


permission 
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Figure 2 Herght velocity (+2 SD) according to our model 
tn relation to otzer references (boys). 
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EnzFitter version 1:05 (Elsevier Biosoft, 
Cambridge) was used to calculate the parameters 
for the curves. 


Results 
The equations for the mean height velocity at 
0-5-3-0 years (the interposition between the 
infancy and childhood component), and at ages 
above 3:0 years (childhood component) are 
shown in table 1. Figure 1 shows the mean 
height velocity curves from the original ICP 
model and the interpositioned polynoma for 
boys. Figure 2 shows the model for boys in rela- 
tion to the Swedish® and the British! references 
and to the American references of late 
maturers.° 

The equation for SD versus age is shown in 


Table 2 Equations for SD of height velocity on age t 
HVsbp (1)=agte "R tR 


Boys Gurls 
ap: 0-691 0:820 
bp’ 0-538 0-649 


Ce: 0 912 0-635 
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Figure3 SDofourmodel ed unth other references 
(boys). TheI PC GrowthS d: Copynightc 1987 

F Karlberg ISBN 91-7900-265-X, and C htcinthe 
US 1989.7 Karlberg TX 2560 182; published wuh 
permussion. 


Table 3 Reference data for whole year height velocines for 
prepubertal children using the new equations 


Boys Giris 
Age Mean SD Mean SD 
0-5 21 26 2 59 20 18 218 
1-0 16 44 2 14 15-94 181 
15 12°65 1-80 12 57 1 §3 
2'0 %89 1:54 10 06 1 34 
25 8 16 1 34 8°42 119 
3-0 7 46 1-19 7 64 1-09 
3°5 7'28 1 07 7 4) 1Q1 
40 7°10 0 98 7-20 0-96 
45 6°92 091 6°99 0 92 
506 6 74 0 86 6-78 0-89 
5°5 6 56 0 82 6 57 0:87 
6°0 6 38 079 6 36 0 86 
65 6 20 077 6°15 0 85 
70 6 02 075 5 94 0 84 
75 5 84 0 74 5:73 0°83 
8-0 5°66 0-72 5:52 0-83 
8:5 5:48 0 72 5 31 0-83 
0 5-30 0-71 5 10 0-83 
9°5 5 12 071 4°89 0 82 
10:0 494 0:70 4°68 0°82 
10 5 4°76 0 70 4 47 0°82 
110 4°58 0 70 4 26 0-82 
115 4-40 0:70 4-05 0-82 
120 422 0 69 3°84 0 82 
12:5 404 0:69 3°63 0-82 
13-0 3°86 0 69 3-42 0°82 
13 5 3 68 0 69 321 0 82 
140 3:50 0°69 
14°5 3°32 0 69 
150 314 0 69 
155 2 96 0 69 


Prepubertal height velocity references over a unde age range 


table 2. The SD from our model together with 
Swedish and British data is illustrated in fig 3. 
The calculated mean and SD values over the 
whole prepubertal period are shown in table 3. 


Discussion 

Height velocity is commonly used as a sensitive 
short term parameter for assessing growth and 
growth intervention. One of the criteria used for 
the diagnosis of growth hormone deficiency is a 
height velocity less than the 25th centile.’ 
Although height velocity is not very stable over 
time,'? a positive change in height velocity 1s 
generally considered as a good response to 
growth promoting treatment. 

In growth studies in groups of prepubertal 
children within a wide age range, the use of 
height velocity expressed in cm/year is not 
suitable because of the large confounding effect 
of age and to a lesser extent, sex. The usual 
method to overcome this problem, the use of 
SD scores on the basis of longitudinal growth 
studies, is only possible for young children. 
Later on, the pubertal growth spurt, which 
starts at a variable age, complicates the situation 
in two ways. First, no reference group consisting 
of only prepubertal children is available. Second, 
the variation in the timing of puberty and the 
great changes in height velocity during puberty 
destroy the Gaussian distribution.' Because of 
the drawbacks of the methods currently used to 
overcome this problem, we searched for a better 
one. 

The ICP model is a mathematical model in 
which total statural growth is described by a 
superposition of three equations.!° It has been 
hypothesised that the first and second com- 
ponent would be associated with distinct ways 
of biological regulation,’® Y in the sense that 
the infant component would not be growth 
hormone dependent. On the basis of our and 
other observations, this is unlikely.!® We there- 
fore felt that there would be no biological 
reasons to abstain from smoothing the transition 
between the infancy and childhood components. 
However, there is little doubt that the pubertal 
growth spurt is under the influence of other 
factors, notably sex steroids. 

In contrast to the first report on the Swedish 
longitudinal study® and the descri escription of the 
data on the basis of the ICP model,* we decided 
to use only growth velocity data over one year 
intervals between | and 24 months of age, rather 
than over two, three, and six months. This has 
no great influence on the mean height velocity, 
while it reduces the size of the SD, which is 
much larger over shorter intervals. This implies 
that our model may only be applied on velocities 
that are measured over 12 months. It can be 
argued that during infancy the growth velocity 
is so high and changes so rapidly, that calculating 
velocity over a period of a year is too insensitive 
as a parameter of growth. However, the use of a 
shorter period in infancy would automatically 
give rise to the dilemma to choose the age from 
which the period should be increased to a year, 
and this woud obviously cause a disruption in 
the curve of the SD score by age. 

Another difference with the onginal ICP 
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model is that we smoothed the height velocity 
curve in the second semester by the interposition 
of a polynoma. This smoothing procedure was 
necessary for two reasons. First, the use of 
yearly growth velocities over the whole growth 
period implied that the sudden acceleration 
observed by Karlberg* berween 6 and 12 months 
of age would disappear anyhow. Second, the 
presence of a sharp angle in the curve of the 
mean growth velocity would lead to methodo- 
logical artefacts in calculating SD scores. 

It is common practice to transform a height 
velocity always to cm/year, even when it is 
measured over a shorter interval than a year. 
The question is whether such growth velocity 
could be transformed to SD scores and, if so, 
which reference data should be used. It should 
be emphasised that, due to the relatively large 
measurement error, comparison of velocities 
measured over unequal intervals is theoretically 
incorrect. However, if by circumstances no 
yearly velocities are available, the SD score 
should be calculated using a higher SD than 
provided by our model. SD values over two and 
three month intervals in the first year of life and 
over six months intervals in the second year 
have been provided by the Swedish investigators 
and are indicated in fig 3.* However, exact data 
on the size of the SD for various intervals at 
various ages are unavailable, which increases 
the unreliability of SD scores over short periods. 

While our model lacks most of the drawbacks 
of alternative methods, it should be emphasised 
that it is based on unproved assumptions with 
respect to the age references for prepubertal 
teenagers, as both mean and SD in this age 
period are obtained by extrapolation. To test 
the validity of our model, large data sets from 
late maturing adolescents are needed, which 
until now are unavailable. 


We thank Dr Herman Wynne for the aid on the mathematical 
part of the study and Dr Bart Boersma for critical reviewing the 
manuscript 
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Commentery 

Growth and puberty are intimately related and 
in the adolscent age range it is difficult to dis- 
sociate one from the other. There are several 
variable factors affecting growth at adolescence. 
Normal ch_Idren enter puberty at differing ages, 
from 9°0 to 13:5 years in girls and from 9°5 to 
14-0 years in toys. They also progress through 
puberty at differing rates; the fastest girls pass 
through puberty in 18 months whereas the 
slowest bcys may take five years. In younger 
children (<8 years in girls and <9 years in boys) 
it is acceptable practice to use SD scores to com- 
pare a child’s height with the height of normal 
children o= the same chronological age. Unlike 
growth in younger children, growth standards 
for a whole population during the pubertal years 
have little meaning when applied to an indi- 
vidual; it depends on what stage of puberty an 
adolescent has attained. Therefore in the adoles- 
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cent years, it is more appropriate to compare 
rate of growth with children of the same stage of 
sexual maturation than those of the same ckro- 
nological age. 

Clinicians are often presented with the prob- 
lem of a child with late puberty and attemp: to 
relate growth rate to chronological age by 
experience of what is perceived to be norma_: is 
the problem abnormal growth or abnormal 
puberty? This is an important distinction to 
make in order to reduce the number of 
inappropriate endocrine investigations and to 
limit the use of growth hormone treatmen: to 
those who would benefit. This is of particular 
relevance in this clinical situation as all tests of 
growth hormone secretion are notoriously d_ffi- 
cult to interpret in the phase of growth decelera- 
tion of late prepuberty in boys and girls and 
early puberty in boys. The authors present data 
that provide a continuum of growth standerds 
throughout prepuberty, so that a meaningful 
height SD score can be calculated, despite many 
children being less advanced in sexual matara- 
tion than their peer group. Paediatric erdo- 
crinologists usually extrapolate normal data for 
growth velocity in children with absent pub=rty 
in a similar fashion to the data in figs I and 2. 
However Rikken and Wit have been able to 
quantify this which is a step forward in provid- 
ing height SD score data with which to deter- 
mine if growth is abnormal, even in the absence 
of pubertal development. 
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Bone age, social deprivation, and single parent 


families 


T J Cole, A J L Cole 


Abstract 

It is well known that deprivation affects bone 
growth. The study was set up to investigate 
what aspects of deprivation are of greatest 
importance. Bone ages of 1593 child trauma 
patients aged 0-19 years from Middlesbrough 
General Hospital, Cleveland, were related to 
local authority ward indices of socioeconomic 
status (51 wards). After adjustment for 
chronological age and sex, the mean bone ages 
in each ward were highly significantly nega- 
tively associated with five ward indices of 
deprivation: the rate of single parent families, 
low car ownership, unemployment, rented 
housing, and overcrowding. There was a 
mean four month deficit in bone age among 
children living in wards with the highest single 
parent family rates. The inverse association 
between deprivation and bone age is unlikely 
to be causal throughout childhood, as older 
and younger children were affected to the 
same extent. However the bone age deficit 
could be caused by deprivation retarding 
skeletal maturation during a critical period in 
early life. 


(Arch Dis Child 1992;67:1281—-5) 


There is considerable evidence that adverse 
socioeconomic circumstances affect the rate of 
skeletal maturation, although the mechanisms 
involved are not clear. Differences in skeletal 
maturity have been observed among children 
differing in a variety of ways including geo- 
graphy, income, nutrition, home conditions, 
and psychosocial factors. ? However the 
compared groups have tended to be relatively 
disparate, in terms either of clinical status or 
geography, and it is not clear to what extent, 
within the community, deprivation affects 
skeletal maturity. 

Recent work has shown that poor perinatal 
growth is a risk factor for ischaemic heart 
disease, stroke, and obstructive lung disease in 
later life.'!° This has been proposed as an 
example of programming, where circumstances 
at a critical period in early life dictate the 
wndividual’s future health status. The present 
study, covering a small geographic area of 
Britain, was carried out using radiographs of 
trauma patients to investigate in more detail the 
link between skeletal maturity, as measured by 
Greulich-Pyle bone age, and indices of socio- 
economic status. The aim was to find out which 
indices were most closely associated with skeletal 
retardation, and to identify at what ages the 
association was strongest. 


Subjects and methods 
Some 2000 packets of x ray films, belong to 
patients who had had hand radiographs for 
trauma when under the age of 20 years, were 
retrieved from the archives of Middlesbrough 
General Hospital, Cleveland. Most patients had 
been radiographed during the years 1979-8]. 
Over 300 records were discarded, because 
either all the epiphyses had fused, or the 
radiographs were missing, technically inadequate 
or illegible, or the patient did not reside within 
the boroughs of Middlesbrough or Langbaurgh. 

The bone ages were estimated blind by AJLC 
using the atlas of Greulich and Pyle.!! In a 
minority of cases where the bone age lay 
between two adjacent standards, the mid-age 
was used. The subject’s identifying number, 
sex, date of birth and examination, bone age, 
and local authority ward from their address 
were then recorded. Race was not recorded, but 
the subjects were probably almost all white; the 
population of Cleveland is only about 3% non- 
white, and of this only a small fraction is Afro- 
Caribbean. 

The subjects came from 51 distinct local 
authority. wards. Information on 13 socio- 
economic indices for each ward from the 1981 


' census was obtained, expressed per 1000 house- 


holds or population as appropriate (see list in 
table 4). 


STATISTICAL METHODS 

The data were scrutinised for anomalies between 
bone age and chronological age, and patients 
who had been referred for poor growth rather 
than trauma were excluded. In addition 
erroneous dates of birth and examination were 
corrected. 

Multple regression analysis was used to 
relate each subject’s bone age to chronological 
age, sex, and the subject’s socioeconomic 
information as obtained from their ward. The 
chronological age adjustment was done using a 
polynomial in age. An overall sex effect and 
interactions of sex with each term of the fitted 
polynomial were also included. This is equiva- 
lent to fitting separate polynomials for the two 
SEXES. 

Regression was used to compare the ability of 
the different ward socioeconomic indices to 
explain the residual variation in bone age, after 
adjusting for chronological age and sex. The 
significance of each ward index was assessed 
relative to the between ward variation, so that 
the ¢ statistic for the significance of the index 
was given by 


t= V49 R7/(1—R?), 
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with 49 residual degrees of freedom, where R 
was the weighted correlation, across wards, 
between the mean adjusted bone age and the 
socioeconomic index, the weightings corres- 
ponding tc the numbers of subjects in each 
ward. 


Results 

A total of 682 radiographs from 1593 subjects 
were available tor analysis. Eighty four subjects 
had more than one radiograph: 80 with two, 
three with three, and one with five. All such 
radiographs except the first were excluded from 
the analysis, leaving a total of 1593. The age and 
sex distribution of the sample is given in table 1. 
The sex ratio was 63:37, and the modal ages for 
boys and gris were 14 and 11 years respectively, 
with a sharp increase in numbers from age 11. 


Table I Age and sex distribution of subjects studied 


Age Boys Giris Total 
(years) 
0+ 9 4 13 
1+ 20 13 33 
2+ 21 23 44 
3+ 27 18 45 
4+ 23 23 46 
5+ 14 17 3] 
6+ 30 19 49 
7+ 33 21 54 
8+ 45 25 70 
9+ 40 38 78 
10+ 50 34 84 
li+ 73 81 154 
12+ 91 67 153 
13+ 105 54 159 
14+ 128 59 187 
15+ 105 44 149 
16+ 84 27 111 
17+ 75 7 82 
18+ 45 l 45 
Total 1018 575 1593 
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Figure 1 Scatter dia, of Greultch-Pyle bone age versus 
chronological agem 1018 boys, unth the fitted cubic in 
chronological age. 


Table 2 R3gresnon models of bone age on c 
term. The Banear model ts for the two sexes combined 


Model Constant Female sex 
Linear —~0°307 ein 0-266 (0-063) 
Cubic for bors ~~ 17164 (0-214 — 


Cubic for girs 0-324 (0 272) — 


Cole, Cole 


The subjects came from 51 distinct local 
authority wards, with a median number of 29 
subjects per ward (lower and upper quartiles 20 
and 39; range 6-94). 

Scatterplots of bone age versus chronological 
age are shown in figs 1 and 2 for boys and girls, 
with fitted cubic polynomials in chronological 
age superimposed. Table 2 gives the regression 
equations for the polynomials, and also for a 
simpler linear model containing just age and 
sex. The linear model shows that, after adjusting 
for chronological age, mean bone age is 0°27 
years greater in the girls than in the boys, and 
that the age regression coefficient of 0-951 is 
highly significantly less than 1 (t=—7:l, 
p<<0-001). 

Table 3 summarises the analysis of variance 
of bone age after fitting polynomials of increas- 
ing degree for the two sexes up to fifth order. 


Bone age (years) 
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Figure2 Scatter diagram of Greulich-Pyle bone age versus 


chronological age in 575 girls, with the fitted cubic in 
chronological age. 


Table 3 The analysis of variance table from the regression 
of bone age on chronological age polynomials of tncreasing 
order. Terms such as Age.Sex indicate the mterachon of age 
and sex, that ts the difference between sexes in the age term 


Term Degrees of Sum of Mean Variance 
freedom squares square ratio 
Age i 27342-84 2734284 19897 94°** 
Sex l 25-27 25 27 18 39*** 
Age Sex I 1-70 1-70 1:24 
Age? I 7-17 717 5 22° 
Age? Sex l 5:72 572 4 16° 
Age? 1 56 59 56 59 41 18*** 
Age?.Sex l 015 0°15 011 
Aget 1 111 1-11 0°81 
Age? Sex l 0°56 0 56 0-41 
Age? I 10°81 10 81 7 86'* 
Age’ .Sex 1 3-15 315 2 29 
Residual 1581 2172°54 1 37 
Total 1592 29627°61 18 61 


*p<0-05; | 'p<0 01; *''p<0-001 


al age and sex. Results are groen as regression coefficient (SE) for each 


Age (Age-12)° (Age-12)' 
951 (0 007) adh - 
-029 (0:017) —0 0102 (0 0023) —0-00189 (o 00034) 
936 (0 022) —0 0243 (0-0056) —0-00213 (0-000644 
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This table shows the significance of each extra 
term as the order increases, with the linear term 
being massively significant and accounting for 
over 92% of the variation. The cubic terms and 
quintic terms are also highly significant 
(p<0-01), but they account for only a small 
proportion of the total variation. There is also a 
highly significant difference in mean bone age 
between.the sexes, but the only significant age- 
sex interaction is the quadratic term (p<0°05). 

After adjusting for sex and age using the sex 
specific cubic polynomials, the mean adjusted 
bone ages for each ward were significantly 
different from each other (F=1°48 on 50 and 
1535 df, p=0-02), with a range in mean bone 
age of 1:23 years. Table 4 summarises the 
ability of each of the 13 socioeconomic indices 
to explain the ward differences in bone age. 
Five of the 13 indices are highly significant, and 
the rate of single parent households in each 
ward is the best predictor (r= —0°49, regression 
coefficient —0°00086, p=0°0003). Car owner- 
ship, unemployment, rented housing, and over- 
crowding are also highly significant, but become 
insignificant after adjusting for the single parent 
household rate. Three of the other insignificant 
indices relate to the numbers of old people in 
each ward. 

Figure 3 shows the plot of mean adjusted 
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Mean adjusted bone age (years) 
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Figure 3 SECIE TEO a a 
the rate of ent households in $1 

wards, wuh pg ENEN E soar ne mre 
propornonal to the number of subjects ın that ward. 


Table4 The relative sig ea of 13 soctoeconomic indices for explaining the difference m 
bone age between wards, after adjustment for chronological age and sex. Data are the correla- 
tions and regression coefficients of mean adjusted bone age on each tndex in turn, weighted 
according to the numbers of. en in each ward. Each regression coefficient shows the effect 
on a ward’s mean adjusted bone age, m years, of a unit change in index 


Socioeconomic mdex (per 1009) Correlation Regression Sigm/icance 
coefficient level 
Households with one parent ~0-49 ~ 000858 0 0003 
Households with no car ~0°46 —0°00055 0 0008 
Unemployed males 16-64 years -0 45 —0-00119 0 0008 
Households in rented housing ~0 43 —0 00036 0 002 
Households with more than one person/room ~0'42 ~0 00324 0:002 
Households with three or mors dependent children —0 34 —0 00314 0 02 
Children under 5 years ~0°25 —0 00366 0-08 
Households of a pensioner alone -024 —~—0°00167 0-09 
Households with pensioners only -0 |I —0-00054 05 
Adults over 74 years -0 09 —0-00156 06 
Head of houska o born m New Commonwealth —0 08 —0 00045 06 
Households spi nme a bath —0 07 —0 00069 0:7 
Households in multioccupied dwellings 003 0-00062 09 
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bone age for each ward plotted against the 
corresponding single parent household rate, 
with the fitted regression line superimposed. 
The size of each point reflects the number of 
subjects in the ward. The difference in mean 
adjusted bone age between wards with low (10 
per 1000) and high (50 per 1000) single parent 
household rates is 0-34 years, or four months. 

Importantly, there is no evidence that the 
effect of the single parent index on bone age 
varies by age or sex (¢ values for interaction 
terms of single parent index with age and sex 
0-66 and 0°92 respectively, p>0-3). Thus the 
effect is the same at all ages. 


Discussion 

The study has demonstrated a highly significant 
negative association between the skeletal 
maturity of children radiographed for trauma 
and indices of socioeconomic status in the wards 
where they live. The best single predictor is the 
ward rate of single parent households, but other 
highly significant indices are low car ownership, 
unemployment, rented housing, and over- 
crowding. 

Two factors relating to the study’s validity 
need to be considered: (i) how valid Greulich- 
Pyle bone age is for measuring skeletal matura- 
tion and (ii) how representative trauma patients 
age of the population of Cleveland children. The 
method of Tanner and Whitehouse (TW2)'* has 
been advocated for the estimation of bone age’? 
rather than Greulich-Pyle, because it 1s claimed 
to be more accurate. The greater time and effort 
required by the TW2 method is cited as being 
more than offset by its greater accuracy and 
precision. However the authors have found 
previously that Greulich-Pyle, although provid- 
ing an underestimate of chronological age, is at 
least as consistent as TW2, with lower inter- 
observer variation. ! Other workers have reached 
similar conclusions, and have advocated the 
Greulich and Pyle method for population based 
studies of skeletal age.' }° '© In this study the 
inherent under estimation of the method is 
adjusted for by regression analysis, and the 
absolute bone age is of less importance than the 
discrepancy between chronological and bone 
age. 
The slope of the regression line relating bone 
age to chronological age in the present study is 
0-951 with a SE of 0-007 (table 3), very similar 
to the study of Cole et al where the regression 
coefficient was 0'939 (SE 0-031).'* There is also 
no evidence that the age coefficient differs 
between the sexes (table 3), and the sex specific 
cubic curves are very similar in shape (figs 1 and 
2). More curious is the highly significant 
difference in mean adjusted bone age between 
the sexes (table 2), with the girls 0°27 years 
older than the boys. This implies that compared 
with children in the original Brush Foundation 
sample,!! Cleveland girls are relatively more 
advanced than Cleveland boys. Why this should 
be is not obvious, although two other surveys 
have seen the same sex effect.' It may mean that 
boys are more fragile than girls in the face of 
deprivation, but alternatively and perhaps more 
convincingly, the Brush Foundation’s strict 
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selection cr-teria may have introduced a sex bias 
in the reference data. 

The present study sample, children brought 
to hospital for trauma, is clearly not a random 
sample of Cleveland children. For a start its age 
distributior is weighted towards the teenage 
years, and boys are over represented (table 1). It 
is also like:y to be weighted towards children 
living neare- to Middlesbrough General Hospital. 
Nevertheless these and other possible biases can 
only affect the validity of the observed associa- 
tion to the extent that they might actually 
generate it. For this to happen, children from 
the more deprived wards would need to be more 
likely to attend hospital for trauma if they were 
skeletally Immature, whereas in the well off 
wards the bias would need to operate the other 
way. This, though possible, is unlikely. One 
other possibility, that the reading of the radio- 
graphs was biased, can be ruled out as they were 
read blind. 

Thus theassociation between skeletal maturity 
and socioeconomic status is likely to be valid. 
An association in this detail has not previously 
been demcnstrated, and the obvious question 
is: Is it cauzal? The possible alternatives are that 
reduced maturation leads to deprivation (which 
is not feasible), or that deprivation causes 
reduced maturation, or that both deprivation 
and reduced maturation are caused by some 
other common factor. 

Rona and Chinn showed an association of 
height in childhood with deprivation, which 
they argued arises from a period in early life 
when dep-ivacion causes growth faltering.” 
They fourd that after adjusting for father’s 
social class, parental height, family size and 
child’s birth weight, primary schoolchildren of 
unemployed fathers were shorter than children 
whose fathers were employed. However when 
they looked at height gain over two years there 
was no longer a2 association with unemployment. 
This could be explained by unemployment 
having a causal effect on height growth earlier in 
life,' but not later, so that the deficit seen at 
school age dates back to the preschool period. 

In the present study the linear relationship 
between kone age and chronological age ts 
shifted downwards in the presence of depriva- 
tion, that is the constant term (intercept) is 
reduced. However there is no evidence that the 
slope of th2 line is affected by deprivation, so 
that children from all wards, whatever their 
socioeconamic: status, track along lines of the 
same slope. This pattern can be explained by 
arguing that, jst as for height growth, depriva- 
tion has a causal negative influence on bone age 
early in lif, but that thereafter it has no effect. 
Thus young children from the more deprived 
wards become skeletally retarded compared 
with well cff children, but once they are past the 
vulnerable period they mature at the same rate 
as everybady else, so that their bone age deficit 
remains the same throughout the growth 
period. 

This explanation presupposes that each ward 
has a level of deprivation associated with it 
which determines the amount of retardation 
that infants living there are likely to experience. 
The causal relationship, if it exists, is thus 
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between the deprivation of the ward and the 
retardation of infants living there. In practice 
one cannot measure the actual level of depriva- 
tion that each child experienced as an infant, 
partly because the avaliable indices were for 
1981, a time when most of the sample were no 
longer infants. But in addition a substantial 
proportion of them would have moved house 
since infancy, so that their current address 
would be of even less relevance. 

For these reasons each child’s current address 
has to be viewed as a proxy for their address, 
and hence their degree of deprivation, in 
infancy. It is reasonable to assume that on 
average, relative deprivation does not change as 
children grow up, whether or not they move 
house. Children living in the same area ought to 
have experienced the same level of deprivation 
in infancy whether or not they are born locally. 
Thus the argument for causality is an indirect 
one, that current ward deprivation acts as a 
proxy for deprivation in infancy, and it is this 
which causally affects skeletal maturation. 

The alternative explanation for the observed 
association is that both bone age deficit and 
deprivation are mediated by a third, probably 
genetic factor. However Rona and Chinn showed 
that genes fail to explain the height-unemploy- 
ment link, as it survives adjustment for parental 
height and child birth weight.” Part of the 
height deficit in the children of unemployed 
parents is likely to be due to skeletal retardation, 
so that this also appears to survive adjustment 
for genetic factors. Thus a genetic explanation 
for the link is unlikely. 

If deprivation is the causal agent, then the 
indices of deprivation found to be significant 
here, that is single parent, low car ownership, 
unemployment, rented housing and overcrowd- 
ing, must be proxies for factors affecting the 
growth of young children. The indices all 
represent poverty in some sense, but it is 
striking that the most significant of them, the 
rate of single parent families, is the only one 
that relates directly to child care. Thus the 
study provides evidence to support the hypo- 
thesis that deprivation in early life leads to 
skeletal retardation, and furthermore it high- 
lights single parent families as being particularly 
at risk. This fits in with the concept of a critical 
period in infancy when adverse conditions have 
long term consequences on health, suggesting 
that deprivation at this time is of fundamental 
importance. !° 
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obtaining the census data. 
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Ciprofloxacin toxicity 


Ciprofloxacin is a fluoroquinolone antibiotic which is active against 
Gram positive and Gram negative bacteria, including Pseudomonas 
aeruginosa, and aminoglycoside and cephalosporin resistant 
enterobacteriaciae, chlamydiae, and rickettsiae. Because it has 
been shown to be toxic to joint cartilage in some growing animals 
its use in children has been frowned upon. The Bntish National 
Formulary (September 1991) says that it is not recommended in 
children or growing adolescents but gives dosage recommendations 
for children for use ‘where benefit outweighs risk’. It has been used 
in children to treat pseudomonal infection in cystic fibrosis and 
most of the adverse effects so far reported seem to have been in this 
context. A 16 year old girl developed swollen knees! and a 14 year 
old, benign intracranial hypertension.’ Interstitial nephritis was 
reported in a small series of cystic fibrosis patients in Seattle, 
Washington.’ An 11 year old boy, who-did not have cystic fibrosis, 
was treated for typhoid fever and developed interstitial nephritis 
with acute renal failure.* 

Because of its antibacterial spectrum, and in particular its acti- 
vity against pseudomonas and against coliform organisms resistant 
to other antibiotics, the use of ciprofloxacin in the newborn may 
be attractive. A report from Thailand (Pagarkrong Lumbiganon 
and colleagues, Pedtatnc Infectious Disease Journal 1991;10: 
619-20) records its use during an outbreak of severe neonatal 
klebsiella infection. Thirteen babies were treated; three died during 
the acute illness and two died later from other causes. Five of the 
remaining eight children were seen at between 12 and 23 months 
of age and two had greenish discoloration of the teeth. They had 
both been given many other drugs but none known to discolour the 
teeth. 

The association is suggestive but does not prove that ciprofloxa- 
cin was responsible. It was tooth discoloration, of course, which 
put paid to the use of tetracyclines in children. The drug might still 
have a place in paediatric therapeutics when resistance to other 
antibiotics is a problem but clearly its use should be carefully 
monitored until we have a better idea of its risks. 
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Centiles for adult head circumference 


K M D Eushby, T Cole, J N S Matthews, J A Goodship 


Abstract 

Reference range for head circumference on 
the Tanner charts do not go beyond age 16. In 
this study the head circumference and heights 
of 354 adults in two British centres were 
measured. The centile charts constructed from 
these measurements show that adult head 
circumference is related to height. The mean 
head circumference of a male of average 
height is above the 97th centile for a 16 year 
old on the Tanner charts. The paediatric 
charts are therefore inappropriate for use in 
adult males. 


(Arch Dis Child .9923;67:1286-7) 


Measurement of the occipitofrontal head cir- 
cumference is en integral part of most paediatric 
and many mecical examinations. It is often of 
particular importance in making a diagnosis in 
the dysmorphic child with developmental delay. 
The London dysmorphology database lists 250 
syndromes associated with microcephaly and 
114 with macrocephaly.! Many of these condi- 
ticns are inhermed and therefore accurate assess- 
ment and counselling of relatives should include 
measurement of head circumference. In the 
investigaticn of a child with an apparently 
isolated abnormality of head circumference 
examination should also include parental head 
circumfereace as studies have shown that up to 
50% of normal variation in head size is familial.’ 
The centile cherts used routinely in Britain have 
data only up to age 16 years.* We have produced 
centile charts appropriate for use in adults. 


Data collection 

Data were zollected on the head circumference, 
height, and ace of 354 white adult volunteers 
attending the outpatient clinics of dental 
hespitals im Newcastle upon Tyne and Cardiff. 
Care was teker to exclude patients attending for 
conditions that might affect cranial anatomy. 
Two hundred and seven patients were measured 
in Newcastle “93 males and 114 females) and 
147 in Cardiff (66 males and 81 females). The 
median age wes 40 years (range 17 to 83). The 
subjects in Cardiff were measured by a single 
observer, whereas in Newcastle two observers 
measured epproximately equal numbers. 


Analysis 

The apprcach was guided by the assumption 
that the head circumferences are normally 
distributec, a leature which was checked in the 
course of zhe analysis. Under this assumption 
the centiles were set using estimates of the 


mean and SD. So, for example, the 97th centile 
was calculated to be mean +1°88xSD. A 
further concern was that the mean and SD 
might depend on various recorded variables 
such as age and height. Thus the method for the 
simultaneous modelling of means and variances 
described by Aitkin was used.* 

The use of this methodology also enabled a 
check to be made for evidence of a systematic 
effect of the centre (or observer) on the means (a 
bias) or on the variance (different precisions). 


Results 

Following Aitkin’s recommendation a model 
was assumed for the means which allowed for all 
the factors mentioned above and some of their 
second order interactions and different models 
for the variance were considered.* There was no 
evidence that age, height, or sex had any effect 
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Figure2 Head circumference plotted against height in 195 
adult females. The line describing the mean of the distribution 
1s 41°-02+-0°08673 x height. 
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use in adult 


on the spread of the measurements. Moreover, 
there was no indication that the different 
observers had different precisions. (In a small 
sample, 20 subjects were measured twice: the 
SD of the intraobserver measurement error was 
0-133 cm.) 

As there was no need to include any variables 
in the model for the variance, Aitkin’s approach 
reduces to ordinary multiple regression,* which 
was then used to examine the effect of age, 
height, and centre on the mean head circum- 
ference. No evidence was. found of any effect of 
age nor of centre. 

Figures 1 and 2 shows the data collected with 
the calculated centiles for males and females. 
There was clear evidence that mean head 
circumference increased with increasing height 
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ht constructed from our data for 
97th cenule for head 


circumference for a boy of 16 years 1s 57:7 cm and the 50th centile 55 cm. 
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Figured Centile chant for Fead circumference against height constructed from our data for 


use in adult females. For c 


on, on the Tanner chants the 97th centile for a girl of 16 


years 1s 56°4 cm and the 30th centile 54:2 em. 
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(slope 0°08673 cm/cm, SE 0:01031 cm/cm, 
p<0-0001) and that a male would have a head 
circumference that was on average 1°38 cm 
larger than that of a female of equal height 
(mean difference 1:378 cm, SE 0:211 cm, 
p<0-0001). 

The relations given in the figures are reason- 
able for heights between 140 and 190 cm 
(females) and 150 to 200 cm (males). The SD 
about the line ts 1°41 cm. 

The centiles were constructed assuming the 
normality of the head circumference measure- 
ments, and this was confirmed by the normal 
probability plot of the jack-knife residuals. The 
Shapiro-Wilk test? did not discredit the hypo- 
thesis of normality (W=0-986, p=0°69, using 
Royston’s approximation). 


Discussion 
We have produced centile charts for adult head 
circumference based on measurements from 
two British centres (figs 3 and 4). From our 
measurements it is apparent that it could be 
quite misleading to make an assessment of an 
individual’s centile for head circumference 
without taking height into account. This is in 
agreement with the data of Bale et al who 
showed a correlation between head circumfer- 
ence and height in a small number of normal 
subjects.’ A relationship between brain weight 
and height has also been demonstrated in adult 
life as well as during childhood.® 

Most importantly, we have shown that in 
adult males especially it is quite misleading to 
use the end of the paediatric charts to plot 
parental head circumference, as the mean head 
circumference of a male of average height 1s 
above the 97th centile at age 16 on the Tanner 
charts. This discrepancy is not so marked in 
females, probably reflecting the fact that the 
adolescent growth spurt occurs earlier in females 
than in males and that head circumference in 
males continues to grow into early adulthood. 
These charts provide a more accurate reference 
range to detect abnormal head circumference in 
adults. 
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study We would also lke to Professor Barnes in the 
department of operatuve dentistry, Univermty of Newcastle upon 
Tyne, and Dr unds in the oral health clinic of the dental 
hospital in Cardiff for allowing access to their patients and staff. 
The values from the Tanner charts are reproduced by permission 
of Castlemead publications. KMDB 1s an MRC Training Fellow. 
Rattus and copies of the centile charts are avaiable from Dr 
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Immunisation status in inner London primary 


schools 


H E Bedford, J I Masters, Z Kurtz 


Abstract 

In one inner London district health authority, 
the immunisation status of children attending 
their routine school entry health interview was 
reviewed over four terms. During the course of 
these mterviews, school nurses completed a 
questionncire with parents that asked for their 
child’s immunisation history and details of 
family ard social background. Parental 
reporting of mmunisation history was com- 
pared with district health authority records. 
Only 55% pf children reviewed were found to 
be fully immunised, although a substantial 
number (386) of the 513 partially immunised 
children r2qu:red only a preschool booster. 
Four percent (54) of the children had received 
no immunssations; a disproportionately high 
number af these were recent immigrants. 
Mechanisms for identifymg unimmunised 
children before they enter communal groups 
need to be established. 


(Arch Das Child 1992;67:1288-91) 


There has been a dramatic improvement in 
vaccine coweraze among 2 year old children over 
the past decace in this country. This is partly 
due to iniciatives introduced in district health 
authorities Ey immunisation coordinators 
appointed to manage immunisation pro- 
gramrres.' Th2 new target of 95% ane has 
been achieved by 62 districts for diphtheria and 
40 districts for measles vaccine.? There remains 
a conside-abl2 range, however, with lower 
uptake tending to occur in inner city areas: for 
example, measles coverage in districts in the 
South East Thames region ranges between 61 
and 95%.7 For target rates to be achieved and 
maintained in all districts, additional initiatives 
may be required. Review of children’s immuni- 
sation stats at entry to communal groups such 
as nurseries, playgroups, and school has been 
suggested as a mechanism for identifying child- 
ren who have fallen through the net, with 
opportunistic immunisation of children found 
to be inedequately protected who have no 
parental objec-ion or medical contraindication.‘ 

Access to accurate records is necessary to 
identify unimmunised children but it is well 
recognisec that discrepancies are common 
between records held by parents, clinics, general 
practitioners, and health authorities.>~’ In inner 
city areas. with highly mobile populations and 
many families living in temporary accommoda- 
tion such as bed and breakfast hotels, mainte- 
nance of an accurate child register by the health 
authority =s difficult." 

This study was conducted to investigate the 


feasibility of reviewing children’s immunisation 
status at school entry in an inner London heelth 
district, to explore attitudes to the provisior. of 
immunisation in schools, and to assess the 
adequacy of systems used to record immun_sa- 
tion. 


Methods 

Over a period of four terms from September 
1989 to December 1990, in addition to informa- 
tion routinely collected, school nurses in the 33 
primary schools in one inner London health 
authority completed a questionnaire with parents 
at each child’s school entry health intervizw. 
Information obtained included details of 
immunisation status and whether parents hed a 
written record of their child’s immunisaticns. 
For those children who were not adequazely 
immunised, the reasons were noted and parents 
asked whether they would like immunisatiom to 
be offered in school. Details of family and sozial 
background were gathered including etknic 
origin, main language spoken at home, faraily 
size, parental occupation, and whether the 
family was living in temporary accommodation. 

Information on each child’s immunisacion 
status was subsequently validated by comparison 
with computerised records held by the district 
health authority of residence. 

In addition, each school nurse was sent a 
questionnaire in confidence to determine their 
attitudes to the provision of immunisation in 
primary schools. Information collected included 
whether immunisation was currently provided 
in schools, views on school nurses giving 
immunisations, and the perceived training needs 
if they were to provide such a service. Head 
teachers were also sent a questionnaire to 
explore their current practice regarding assess- 
ment of school entrants’ immunisation status 
and their attitudes to schools adopting a greater 
role in this area. 


Results 

The number of primary school entrants in the 
district was difficult to establish and is estimated 
to be 1555 in one year. School rolls are not teld 
at a central point or on computer by the 
education authority and the school population ts 
constantly changing because of family mobility. 
Over a period of four terms information was 
collected for 1411 children at school health 
interview; two parents refused to take part. 
Most children (84%, 1053) were seen by the 
school nurse within their first year in sckool. 
However, 16% (199) had been in school for four 
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terms or longer, with 12 terms being the longest 
interval between school entry and the health 
interview. Forty three percent (87/199) of 
children who had been in school for four terms 
or longer had entered an attached nursery class 
where health interviews are not conducted. 
Nine of the 33 head teachers reported having 
had more than one case of measles, mumps, 
whooping cough, or rubella among staff or 
pupils in school during the last academic year. 


AGE AND SOCIAL BACKGROUND OF CHILDREN 

Ages of the children at their school health 
interview ranged from 4°5 to 11 years, although 
the majority (69%, 981) were aged between 4°5 
and 6 years. The majority of children were 
resident in the district under study (69%, 974) 
or the three adjoining health districts (27%, 
377), with the remainder coming from 17 other 
health districts in London. 

Eleven percent of the children (165), were 
living in temporary bed and breakfast 
accommodation, 54% (89) of whom were from 
the district under study; 21% (300) of children 
were from single parent families. Their ethnic 
backgrounds varied widely: the largest group 
were white and of UK origin (32%, 446), 27% 
(383) were Asian most of whom originated from 
Bangladesh (84%, 323), and 12% (167) were 
black children, 54% (90) of whom were of 
African origin. Thirty four percent (31) of 
African and 22% (70) of Bangladeshi children 
were living in temporary accommodation com- 
pared with 5% (22) of white UK origin. For 
39% (555) of children, English was not the main 
language spoke at home. Bengali was the main 
language for the majority of these families (57%, 
314), but 43 other languages were mentioned. 
An interpreter was available for 205 of the 
health interviews although in conducting a 
further 79, the nurses expressed some difficulty 
with language. Only 1% (18) of children attended 
the school health interview unaccompanied by a 
parent or other adult. 

Ninety three percent of children (1318) were 
reported to be registered with a general practi- 
tioner; 2% (32) were not registered and for a 
further 61 children this information was not 
available. Eleven percent (17/153) of children 
living in temporary accommodation were not 
registered with a general practitioner compared 
with 1% (15/1197) of those living in permanent 
accommodation. 


IMMUNISATION STATUS 
Immunisation status was determined on the 
basis of parental report which for 13% (189) of 
children could be verified by a record held by 
the parents. A further 50% (705) of parents said 
they had a record of immunisation but it was 
not available at the interview; 17% (241) had no 
record, and no information was available for 276 
children. A health visitor’s written summary of 
preschool health had been received by the 
school nurses for 38% (532) of the children. 
Immunisation status of the children for 
diphtheria, pertussis, and measles vaccines is 
shown in table 1. Coverage of diphtheria was 
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Table 1 Immunisanon status as re by parents for 
1411 children. Results are % ( of children) 
Vaceme Immumsed Not imnmumsed Not known 
Diphthena 

Ist 92 (1295) 4 (56 4 (60) 

3rd 89 (1253 7 s 4 (943 

Booster 67 (949) 26 (368) 7 (94 
Pertussis: 

Ist 78 (1100) 17 (242) 5 (69) 

3rd 76 (1068) 19 (272) 5 (71) 
Measles 73 (1033) 20 (286) 7 (92) 
MMR 43 (607) 49 (687) 8 (117) 


similar to that for tetanus and polio and 
represents uptake of all three antigens. Overall 
80% were protected against measles having had 
measles, mumps, and rubella (MMR) and/or 
measles vaccine. 

For the purposes of this study full immunisa- 
tion was defined as a completed primary course 
of diphtheria, tetanus, pertussis and polio, 
protection against measles as either measles 
vaccine and/or MMR, and a booster of diph- 
theria, tetanus, and polio. Fifty six percent of 
children (791) were found to be fully immunised 
as defined above; 36% (513) were partially 
immunised; and 4% (54) had had no immunisa- 
tions at all. For the remainder (4%), parents 
either did not know their child’s immunisation 
status (33) or the information provided was not 
adequate to determine immunisation status 
(23). 

Of the 527 children who were not fully 
immunised, the majority (368) lacked their 
preschool booster with 140 children requiring 
both a booster and protection against measles. 
The primary course of diphtheria, tetanus, and 
polio had not been completed by 94 children and 
272 were not fully protected against whooping 
cough, although 30 of these had commenced the 
course. One hundred and eighty three children 
lacked protection against measles, having had 
neither measles vaccine nor MMR combined 
vaccine. 

Asian children were less likely to be fully 
immunised than other groups; 50 of the 54 
children who had no immunisations were of 
Asian origin. Fifty two percent (48/92) of 
children living in homeless families’ accommo- 
dation were fully immunised compared with 
60% (562/932) in permanent housing even after 
allowing for the Asian group. Forty percent of 
children who were not registered with a general 
practitioner were fully immunised compared 
with 60% of those registered, even after allowing 
for homeless families. 


REASONS FOR INADEQUATE IMMUNISATION 
Differing reasons were given for inadequate 
immunisations against different diseases: for 
measles, the most common was that the child 
was a recent immigrant (27%, 49), while 18 
parents said they considered the vaccine to be 
unnecessary because their child had already had 
the disease. For pertussis, the most common 
reason given was fear of possible side effects of 
the vaccine (13%, 36). A number of children 
had not been immunised against pertussis and 
measles after advice from health professionals. 
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Of those children who had had no immunisa- 
tions, 41 parents gave recent immigration as 
their reason; a further seven (also immigrant 
families) zaid they were unaware of the need for 
immunisetio.. Parents of the remaining sx, 
said either that they did not believe in immu- 
nisation ar were afraid of possible side effects. 

Aspects of the service were more likely to be 
given as the reason for failure to obtain a child’s 
booster injection: an appointment for immu- 
nisation had not been received by 17% (62) of 
parents. Forty children were delayed in 
completimg their primary course and for 25% 
(92) the parents said they had not got round to 
takinz th2ir child for the booster. 

Parents of children who were not fully 
immunised were asked whether they would like 
their child to be immunised at school; 69% (317/ 
457) were in favour of this, but 89 of the 
remainder (126) said they would prefer to go to 
their gen2ral practitioner or clinic. 


VALIDAFIDN OF IMMUNISATION STATUS WITH 
DISTRICT RECORDS 

The immunisation history of each child was 
checked witi records held by their district of 
residence. No records were available for 40% 
(571: of children in the study; this includes 
older ch-ldren who may not have been entered 
onto a computerised system but 30% of records 
were no: available for children younger than 
6 years. Immunisation status could not be 
validatec for a further 19 children as no 
iden-ifying -nformation had been collected at 
interview. Records were not available for 50% 
of children Hving in temporary accommodation 
compared with 39% of those who were not and 
for “8% of Asian children compared with 38% 
of ckuldren cf white UK origin. 

Immuniséztion rates of 821 children for whom 
a record was available were compared with 
parental reports and are shown in table 2. Apart 
from th2 reporting of MMR vaccine, parents 
consisteatly reported higher immunisation rates 
than dis-ricts. 

Examanation of district records also showed 
that by three months after their school health 
interview, 30 children had received further 
immunizations; the majority of these were 
MMR and/cr boosters. 


SCHOOL NURSES’ ATTITUDES TO IMMUNISATION 
Eighty percent (12/15) of school nurses 


Tabe 2 Comparison of parents’ reports of mmmumsanon 
rates wte disrict records for 82] children. Results are % 


ımm-mised 


Vacčne District health Parent 
authority record/recall 
record 

Dipkthera: 

x 83 97 
3rd 76 96 
Booster 68 73 

Pertussis" 

ist 71 85 
3rd 66 83 
Meaales 70 80 
MMR 53 51 


Bedford, Masters, Kurtz 


responded to the questionnaire. Although eight 
of the nurses had experience of immunising 
children, all were generally opposed to immu- 
nisation in school; three thought it could be 
appropriate as a last resort. Reasons giver were 
that it is not good practice and that it is unn=cess- 
ary because adequate provision already exists. 
Seven nurses considered that school is not the 
most appropriate place for immunisation and 
that it would create problems such as chaldren 
becoming upset and difficult to settle in class, 
and would associate school with injections; that 
it would take up too much time and that there 
was a lack of adequate facilitites such as for the 
disposal of waste. Five nurses mentioned that 
teachers would not wish immunisation © take 
place in school. 

The nurses were not in favour of ziving 
immunisation themselves as they did nct per- 
ceive it as fulfilling a health education rcle; six 
felt it would be detrimental to their relationship 
with the child. Only three nurses felt adecuately 
trained to give immunisation, and even then 
would want a doctor on the premises, while 
seven said they would require a complete 
practical and theoretical update and four. train- 
ing on the management of anaphylaxis. Even 
with appropriate training, eight nurses would 
not be willing to give immunisation under any 
circumstances. 


HEAD TEACHERS’ ATTITUDES TO IMMUNISATION 
Ninety four percent (31/33) of the head teachers 
responded to the questionnaire. Only two were 
currently asking parents for details of their 
child’s immunisation status before they entered 
school and both advised parents of the n=ed for 
immunisation and how to obtain it if necessary. 
Of the remaining 29, 20 said they wculd be 
prepared to include a question about immunisa- 
tion in their routine admissions procedure, and 
19 to recommend that parents should have their 
children fully immunised before school entry. 
Fifteen of the head teachers thought that 
immunisation should be offered at the school 
health interview for inadequately protected 
children, and 16 thought a special immumisation 
clinic should be provided in school. Head 
teachers who opposed immunisation in school 
gave similar reasons to those given by the school 
nurses: that immunisation is the parents’ 
responsibility, a health and not an educational 
matter, would cause disruption to classes, and 
would affect the child’s relationship with the 
school nurse. 


Discussion 

The school as a setting is well suited to the 
production and spread of epidemics.” Children 
who are not fully immunised on entering school 
are particularly likely to transmit diseas2 within 
the school community and also to place younger 
siblings at risk. Parental reports are likely to be 
an over estimate of immunisation statis, °? and 
particularly inaccurate for older children,’ but 
this study demonstrates that based on parents’ 
reports, a proportion of children =2ntering 
primary schools in an inner London district are 
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inadequately immunised. Based on district 
figures the proportion not fully protected is 
even larger. This includes vulnerable children 
living in homeless families’ accommodation 
where transmission of infection is particularly 
likely, and children whose families have recently 
immigrated, often from countries where diseases 
such as polio and diphtheria are still prevalent. 
It is of particular concern that 4% (54) of 
children had had no immunisations at all; the 
majority of these parents did not object to 
immunisation but were unaware of its advis- 
ability. 

The policy in the district under study is to 
offer a health interview within the first year of 
primary school entry and although this was 
carried out in the majority of cases, a proportion 
of children were in school for a considerable 
period before they were seen and their immuni- 
sation status assessed, increasing, the likelihood 
of exposure to infection. Susceptible children 
need to be identified and immunised before 
entry to nursery class or primary school in order 
to prevent outbreaks of disease. This can only 
be achieved with the cooperation of head 
teachers and the education authorities. Our 
findings suggest that many head teachers would 
be prepared to inquire about immunisation 
status in their admissions procedure. Such a 
scheme has proved successful in Tower Hamlets 
where a growing number of schools include a 
question about immunisation.” 

The ability of school nurses to give vaccines 
on the school premises along with recording of 
immunisation status has been shown to be 
critical to the success of programmes aimed at 
increasing immunisation rates in the school 
population. !? In this study school nurses were 
found to be reluctant to administer immunisa- 
tion, but the training of nurses is increasingly 
encouraged and has been shown to be an 
important approach in ensuring that hard to 
reach children are given protection.'* If the 
majority of susceptible children were identified 
and protected before school entry, school nurses 
would have to immunise only a small number: 
those who may have had no previous opportunity 
and/or reduced access to primary health care 
services. 

Recording of immunisation is still largely 
inadequate and this study highlights the parti- 
cular difficulties in inner London. Many districts 
are now introducing parent held health records 
as the child’s main health record. These have 
proved to be popular with both parents and 
health professionals, to be completed accu- 
rately, and to be readily available at each health 
service contact.! National use of these records 
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with standardisation of the immunisation 
component would facilitate identification of 
unimmunised children and encourage opportu- 
nistic immunisation. It is important that all 
health professionals involved in immunisation 
are aware that completing a record of vaccines 
given is an essential part of the immunisation 
procedure. Reliability and completeness of 
records and accurate evaluation of vaccine 
coverage would be improved if standard proce- 
dures were established for relaying data to the 
core information system within districts. 
Increasing population mobility also necessitates 
compatibility of systems for transfer of data 
between districts.’ 

The aim is to ensure that children are protected 
from infectious disease as early as possible and 
the recently introduced accelerated immunisa- 
tion schedule has been a contributory factor in 
improving vaccine coverage among young 
children." However, if childhood infectious 
diseases are to be eliminated, mechanisms for 
identifying unprotected children, such as review 
of immunisation status at school entry, must be 
established. 


This study was funded by Action Research to whom we are 
indebted. also to the school nurses and parents mvolved 
in the study. 
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An audit of preschool vision screening 


John W Allen, Bratati Bose 


Abstract 

An audit was carried out to clarify the dispute 
surrounding the vision screening test at 3-5 
years. Th uptake was 53-5%, sensitivity 77%, 
specificity 96%, and positive predictive value 
50%. In particular the uptake was poor and the 
test needed a clear policy for the future. 


(Arch Dis Child 19923;67:1292-3) 


The visior. screening test at 3-5 years of age aims 
to find ‘cases’ of reduced visual acuity, 
amblyopic, and squint. Opinion is divided 
about its valu2,’° and a recent report on child 
health surveil. ance recommended that it shculd 
be discontinued.* This debate together with the 
emerging role of the community orthopist 
prompted an audit to find out ‘what was 
happening’ and ‘what should be done’. The 
performarce of the test was evaluated by 
measuring its uptake, sensitivity, specificity, 
and positive predictive value.° 


Subjects and methods 

The targe: population was 1365 primary school- 
children m Lancaster born between 1981 and 
1983. A random sample of 599 school health 
recorcs provided the data. Special schools were 
not included. 

The test of visual acuity in school entrants 
was used as the reference test and was recorded 
in 531 children, which formed the eligible 
population for this study. A positive case was 
defined as a visual acuity of 6/12 or worse in 
either eye and squint was excluded. The 531 
records were inspected and the validity of the 
screering test result classified according to the 
outcome of the reference test.° Records of false 
positives were checked to take account of the 
possible erfects of any treatment on classification. 

The vision screening at 3°5 years was carried 
out bv clinical medical officers using the Stycar 
vision test with five single letter matching at 
3 metres (mean age 3°5 years). The reference 
test was carried out by school nurses using the 
Stycar vision test with seven single letter match- 
ing at 6 mestres (mean age 5:1 years). 


Results 
At 5 years the prevalence of reduced visual 


“ble I Uptakesf the vision screening tes. at 3°5 years (n=531) Results are number (%) 


No 
recoding 


93 (17°5) 


Asung 
precchool records 
z9 (7 3) 


Did nor Did not Uptake Total 
attznd cooperate 
63 (11 £) 52 (9 8) 284 (53 5) 531 (190) 


Table2 A comparison of the reference test to the outcome of 
the screening test (n=284) 


Reference test 
Positrve Negatrve Total 
Screening test 
Positrve 0 19 29 
Negative 3 261 264 
Total 13 271 284 


acuity in either eye was 6/12 or worse in 4:5% 
(24/531) and 6/18 or worse in 2-1% (11/531). 

Table 1 shows the uptake of the screening 
test. In the 63:3% (336/531) who attended, 
84:5% (284/336) cooperated. The largest single 
group (17°5%) with no test at 3:5 years had no 
evident recording in the notes and 49% in this 
group were children who had transferred into 
Lancaster. 

Table 2 shows the results of comparing the 
reference test to the outcome of the screening 
test. The sensitivity was 77% (10/13), specificity 
96% (261/271), and positive predictive value 
50% (10/20). 

In the 10 false positive cases (table 2) that 
were followed up for the possible effects of 
treatment, nine received no treatment and one 
was lost to follow up. 


Discussion 

An audit should compare results with standards 
but in their absence comparisons were largely 
confined to peers: orthoptists,! ? 4 health 
visitors,” trained nurses,’ and a paediatrician.° 
All these authors included squint in their 
studies. 

The attendance of 63% was poor when 
compared with 95%° and 70—75%* but was akin 
to 67%! and a coverage of 60% (orthoptists) and 
59-84% (health visitors). The cooperation of 
84:5% was also poor and other authors report 
95%* and 98%.°. The final uptake of 53-5% in 
this study was low compared with a reported 
93%° and 63%.* 

Some explanation should be offered for the 
poor results shown in table 1. The absence of 
records and poor record keeping of the vision 
test at 3-5 years highlights some of the adminis- 
trative difficulties ın record keeping in the 
community. There was a large group with no 
recording of the test at this age, however 49% of 
this group had transferred into the district. 
There is, however, little excuse for the lax 
recording in the remaining 51%. It is unlikely 
that incorrect addresses were a significant cause 
of failure to attend as these were checked before 
the appointment. Neither can failure to attend 
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be attributed wholly to poor socioeconomic 
factors as Lancaster is a rural district with a 
good vaccination uptake. It is likely that the 
assessment was unpopular or unacceptable to 
clients. 

In the screened population the sensitivity of 
77% compares with results achieved by others: 
90%! and 100% (orthoptists) and 43% (health 
visitors). The high specificity of 96% was 
similar to 99%! and 98-100%.? A positive 
predictive value of 50% indicates excessive over 
referrals and compares poorly with others who 
have obtained 94%! and 74% (orthoptists) and 
100% (health visitors).? False positives are a 
hazard of screening causing unnecessary work 
for staff and concern to clients. 

The study can be criticised for the length of 
time between the screening and the reference 
test. Amblyopia might have developed and an 
improvement might have occurred under possi- 
ble treatment in the one case that could not be 
followed up. We dé nót, however, consider that 
the values of performance would have been 
significantly affected. Furthermore a more 
extensive study would have included squint and 
an ophthalmological opinion. Nevertheless the 
work was revealing enough when confined to 
visual acuity. When considering ‘what should 
be done’ any decision should be based on the 
standard prerequisites for screening.’ 

The test was largely unacceptable with a poor 
sensitivity and positive predictive value. There 
was no evidence of a controlled study showing 
effective treatment for amblyopia. Clearly the 
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prerequisites for a screening programme were 
not met and the test in Lancaster was manifestly 
unsatisfactory. However, it is easier to refrain 
from embarking on a programme than to 
dismantle an existing one that has public 
expectations. 

The developmental assessment at 3:5 years 
together with the vision screening test has been 
transferred to health visitors and high standards 
of ongoing training are a clear necessity. A poor 
uptake was a significant problem and as health 
visitors work on a domicillary basis an increased 
uptake can be expected. 

The cycle of audit in this study requires 
completion and there is a need for a controlled 
trial demonstrating the effective treatment of 
amblyopia. The wealth of paperwork in the 
community health services is fertile ground for 
further work in audit. 


We are indebted to Joanne Huntington for her patience and skill 
with the typing and Manet for her support. 
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Microfollicular thyroid adenoma and congenital 


goitrous hypothyroidism 


AJ Alabbasy, L Delbridge, R Eckstein, C Cowell, M Silink 


Abstract 

Three patients with congenital goitrous 
hypothyrcidism are reported. They were 
treated with adequate thyroxine replace- 
ment and developed well defined micro- 
follicular thyroid adenomas despite being 
euthyroid clinically and biochemically 
throughout their clinical course. Patients 
with congenital goitrous hypothyroidism 
appear to be at increased risk of develop- 
ing thyroid adenoma in childhood despite 
the use of replacement thyroxine treat- 
ment in paysiological doses. 


(Arch Dis Child {19923;67:1294—5) 


Congenital go-trous hypothyroidism due to a 
primary biochemical defect of thyroid biosyn- 
thesis acccunts for approximately 10-15% of 
all congenital hypothyroidism detected at 
screening in Western countries.! The goitre is 
presumed to >e due to thyrotrophin stimu- 
lating hormone (TSH) overstimulation in 
response t> lcw thyroid hormone concentra- 
tions causing hyperplasia of the dysfunctional 
thyroid tissue. This process may lead to the 
development of adenomatous growth and 
rarely malgnent transformation.? We report 
three patients with this condition who devel- 
oped well defined, encapsulated microfollicular 
adenomas despite adequate thyroxine replace- 
ment. 


Case repcrts 

CASE 1 

A boy was referred at the age of 3-3 years with 
a goitre present since birth. Clinically he was 
euthyroid. Investigations revealed free thyrox- 
ine index (FTI) 95 (normal 65-150), TSH 32 
mU/ (normal <7), and a diffusely enlarged 
goitre with. avid uptake on a technetium thy- 
roid scan. Ths perchlorate discharge test did 
not suggest a peroxidase deficiency. 

When thyroxine treatment was given the 
gland regressed to a normal size. Thyroxine 
requirements were monitored by thyroid func- 
tion studies and TSH measurements at inter- 
vals of three to six months. He remained 
euthyroid clinically and biochemically and at 
the age of 11:7 years presented with a thyroid 
nodule. Ultrasonography revealed mildly 
enlarged chyroid lobes, and a well defined 
solid mas3 in the left lobe. At operation a 
1-8 cm diameter microfollicular adenoma of 
fetal type was removed. 


CASE 2 
This girl was detected on the neonatal screen- 
ing programme at the age of 2 weeks and a 


diagnosis of congenital goitrous hypothy- 
roidism secondary to peroxidase deficiency 
was made on the basis of avid uptake on thy- 
roid scan and a positive perchlorate discharge 
test. The initial thyroid function tests were tri- 
iodothyronine resin uptake 0-65 nmol/l (nor- 
mal 0-80—1:20), thyroxine 18 nmol/l (normal 
100-215), FTI 12 (normal 75-200) and TSH 
620 mU/ (normal 1-15). 

Her thyroxine replacement was monitored 
at intervals of three months, and through- 
out the next four years the TSH remained 
<7 mU/ except for two occasions (at the age 
of 2 and 4 years) when it was transiently 
increased, reaching concentrations of 17-5 
and 115 mU/l respectively. The FTI 
remained in the range 126-192 at all times 
(normal 50-180). 

At the age of 4:25 years a thyroid nodule 
was detected clinically. A thyroid scan 
revealed a hyperfunctioning thyroid nodule 
in the left lobe. At operation a 2 cm diameter 
microfollicular adenoma of fetal type was 
removed. A similar 0-2 cm adenoma was 
present in the adjacent thyroid tissue. The 
follicular epithelial cells showed variable 
hyperplasia and nuclear enlargement (figure). 





Adenoma and adjacent hyperplastc 
case 2 (haematoxylin and eosin x130). 
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CASE 3 

This boy had congenital goitrous hypo- 
thyroidism diagnosed at 9 months of age 
when he presented with the classical clinical 
features of hypothyroidism. This was con- 
firmed by the thyroxine measurement of 30 
nmol/l (normal 75-160) and TSH >400 mU/ 
(normal <7). The thyroid scan showed an 
enlarged thyroid gland with moderately 
enhanced but uniform uptake. 

Replacement thyroxine treatment was star- 
ted with a good clinical and biochemical 
response. His thyroxine and TSH remained 
within normal ranges throughout the next 11 
years. 

At the age of 12-5 years he presented with a 
nine month history of a nodular goitre. On 
palpation the left lobe was 5x4 cm and the 
right 3:5x4 cm. Thyroid ultrasound identified 
multiple solid nodules involving both lobes of 
the thyroid gland. The largest mass measured 
3x3x3-5 cm in the left lobe and corresponded 
to a large well demarcated solid nodule. 

Total thyroidectomy was performed. The 
cut surface showed several well demarcated 
colloid nodules with a 2:5 cm diameter fleshy 
nodule in the left lower lobe. The large nod- 
ule in the left lobe was well circumscribed fol- 
licular adenoma showing microfollicular and 
embryonal growth pattern. Elsewhere in the 
thyroid tissue there were numerous nodules 
showing quite variable cellularity. 


Discussion 
These patients had hypothyroidism secondary 
to dyshormonogenesis. The positive per- 
chlorate discharge test in case 2 suggests an 
organification defect,? while the normal per- 
chlorate discharge test in case 1 would suggest 
a diagnosis of one of the other metabolic 
abnormalities such as deiodinase, coupling, or 
thyroglobulin defects.? All remained euthyroid 
clinically and biochemically but despite the 
seemingly adequate thyroxine replacement 
they developed microfollicular adenomas. 
Histologically, congenital goitrous hypo- 
thyroidism is characterised initially by diffuse 
hyperplasia. Nodules and adenomas develop 
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over time and typically are very cellular, show- 
ing embryonal or fetal architecture.? As a 
result the histological distinction between 
adenoma and nodule may not be clear cut. 
Hyperplasia and cellular pleomorphism may 
be so marked as to mimic malignant transfor- 
mation, but genuine malignancy appears to be 
a rare event, only six cases being accepted in 
the literature review of Cooper et al.” 

In contrast to our patients, most cases pre- 
viously described were long term hypothyroid 
or on sporadic thyroxine replacement with 
excessive stimulation of TSH. Our patients 
unexpectedly developed true adenomas de- 
spite strict clinical and biochemical follow 

up, Suggesting sensitivity of the patients’ thy- 
roid follicles to the effects of normal TSH 
concentrations. This is supported by the his- 
tological observation of diffuse hyperplasia 
in cases 2 and 3 as well as the presence of 
multiple small adenomas in case 3. Recent 
evidence suggests that there are many other 
thyroid growth promoting agents including 
vasoactive inhibitory peptide* and epidermal 
growth factor.’ 

We conclude that although patients with 
congenital goitrous hypothyroidism are par- 
tially protected from the development of 
nodular goitre by adequate thyroxine replace- 
ment treatment, they remain at risk of de- 
veloping follicular adenomas as a result of 
persistent low concentration TSH stimu- 
lation. Thyroxine replacement treatment will 
reduce but not eliminate the development of 
adenomas. 
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Oral hairy leukoplakia in vertically and horizontally 


acquired HIV infection 


D Nadal, B de Roche, M Buisson, R A Seger 


Abstract 

Two boys aged 7 and 8 years, respectively, 
with oral hairy leukoplakia as the sole clinical 
sign indicative for HIV infection are reported. 


(Arch Dis Crud 1992;67:1296~7) 


Oral hairy leukoplakia, a mucosal Jesion termed 
so because ef its ‘hairy’ appearance, is commonly 
observed in acilts with advanced HIV infec- 
tion.’ We report on two boys aged 7 and 8 years, 
respectivel, in whom physical examination 
revealed oral Eairy leukoplakia as the sole 
clinical sign indicative for HIV infection. 


Case reports 

CASE | 

This boy was ficst seen in our outpatient clinic 
at the age of 7 years. He was referred because 
his mother hec recently had encephalopathy 
due to AIDS diagnosed. The father was an 
intravenous druz abuser who died of an overdose 
shortly after the boy’s birth. After an uneventful 
pregnancy. the boy was vaginally delivered at 
term. The necmatal period was uneventful. No 
information cdild be gathered about breast 
feeding. Curing infancy, the boy experienced 
recurrent upper respiratory tract infections that 
did not recuire antibiotic treatment or hospital- 
isation. At the age of 2 years the child moved 
with his mother to Ecuador. He returned to 
Switzerland owly one month before referral. 
Except for several episodes of diarrhoea asso- 
ciated witt amcebiasis his history was unevent- 
ful. 

On physical examination the boy had height, 
weight, and head circumference on the third 
centile for age. Lymph nodes, liver, and spleen 
were not enlarged. Neurological. and neuro- 
psychological <ests were normal. However, 
whitish, vertically oriented bandform lesicns, 
each 0°3—0°5 oom in width, were noted on the 
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Chimcal appzararce of oral hairy leukoplakia Notethe 
characterisn= verucal mucosal folds with the whitish lesions 





posterolateral margins of the tongue (figure). 
The lesions could not be scraped off and a Gram 
stain of a swab showed no yeast. Epstein-Barr 
virus DNA was detected by Southern tlot 
analysis of DNA extracted from cells scrubbed 
from the lesions and amplified using the pcly- 
merase chain reaction and two oligonucleotide 
primers from the Bam H1 W fragment of ihe 
virus. Chest radiographs showed no lymphoid 
interstitial pneumonitis. Infection with ETY 
was established by serology, detection of circu- 
lating p24 antigen, and positive viral blood 
cultures as well as polymerase chain reaction for 
HIV genome. The CD44 cell count as 
40x 1061: lymphocyte proliferation to rezall 
antigens was absent and poor to stimulation 
with mitogens. 


CASE 2 

This boy was referred at the age of 8 years. 
Because of recurrent episodes of fever, recurrent 
bronchitis, and increasing fatigue in the previous 
six months, his paediatrician had asked for the 
presence of antibodies to HIV to be tested as 
well as routine laboratory investigations; anti- 
bodies to HIV were present. The parents were 
seronegative for HIV. The boy’s history revealed 
that he had been transfused packed erythrocytes 
at the age of 5 weeks when he was treated at 
another hospital because of sepsis. Then, s2ro- 
logical tests for antibodies to HIV were not yet 
available. The blood donor, who since then had 
abstained from further donations, was treced 
and found to be infected with HIV. At the age 
of 4 years the boy had manifested haemofytic 
anaemia and thrombocytopenia that resofved 
after transfusion of intravenous gammaglobt lin. 
HIV as possible cause had not been sougkt at 
that time. 

On referral, the boy showed normal growth, 
slightly enlarged lymph nodes, and no hepato- 
splenomegaly. On both lateral margins of the 
tongue whitish lesions were noted. These lesions 


were similar to the ones reported in case 1. Also, 


as in case 1, Epstein-Barr virus DNA was 
detected in scrape material from the lesions. 
Peripheral blood was positive for HIV genome 
by polymerase chain reaction and grew HIV in 
culture. No lymphoid interstitial pneumoaitis 
was seen on chest radiography. The CD4+ cell 
count was 50x 106/1; there was no proliferetion 
of the lymphocytes to stimulation with recall 
antigens or mitogens. 


Discussion 
In adults oral hairy leukoplakia is, in the 
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absence of long lasting iatrogenic immuno- 
suppression,’ pathognomonic for HIV infec- 
tion.’ Association with progression to AIDS 
within few months is common. Epstein-Barr 
virus has been implicated as cause of the lesion. ! 
Distinction from thrush, which can be removed 
mechanically and be recognised by Gram stain, 
is easy. Differential diagnosis includes the rare 
white sponge naevus, frictional keratosis, some 
forms of lichen planus, and idiopathic leuko- 
plakia. There is no established treatment for the 
lesion itself. 

We have found only one child reported in the 
literature, aged 8°3 years, who had oral hairy 
leukoplakia.* So far, the disorder seems to be 
rare in children infected with HIV. But this 
may be due to the relatively long interval 
between acquisition of HIV and manifestation 
of the mucosal lesion. Horizontal transmission 
of HIV via blood products as in case 2 should be 
prevented now that the routine testing of donors 
for antibodies to HIV has been introduced. 
However, with the AIDS epidemic ongoing, a 
growing number of children vertically infected 
with HIV can be anticipated. As a large 
proportion survives longer than six years, 
many of these children will reach school age and 
may be oligosymptomatic or even asymptomatic, 
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as in our case l. Infection with HIV may 
therefore go unrecognised, especially when the. 
parents are not aware of a risk for HIV infection. 
or when they do not report such a risk while: 
they are relatively well. Thus, in asymptomatic: 
children seen by a general practitioner, for 
example for routine immunisation, oral hairy 
leukoplakia may be the sole sign indicative for 
HIV infection. Hence, simple careful clinical 
examination may lead to diagnosis and have an 
important impact, because advanced immuno- 
deficiency may demand antimicrobial prophy- 
laxis against opportunistic agents or initiation of 
antiretroviral treatment. 


l Greenspan JS, Greenspan D, Lennette ET, et al. Replication 
of Epstein-Barr virus within the epithelial ceils of oral 
‘hairy’ leukoplakia, an ALDS-ansocanted leson N Engl 

F Med 1985,313:1564-71. 

2 Schmidt-Westhausen A, Gelderblom HR, Hetzer R, Reschart 
PA. Demonstration of Epstein-Barr virus in scrape material 
of lateral border of tongue in heart transplant- patients by 
negative staining electron microscropy. J Oral Pathol Med 
1991;20:215-7 

3 Katz MH, ee D, Hemic GS, et al. Resolution of harry 

tional trial-pf zidovudine versus no 
treatment. 7 Infect Dis aa na 1240-1. 

4 Greenspan JS, Mastrucci MT, Leggott PJ, et al. Hary 
siagy apr ina child AIDS | 1988:2:143 

5 Tovo PA, de Martino M, Gabiano C, et al. ostic factors 
and survival m children with pennatal -I infecuon 
Lancet 1992,339:1249-53. 
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Building a combined child health service 


Margaret R S 3arker, R J Purvis 


The fragmen-aticn of health services for children 
has been reccgnised as unsatisfactory for at least 
15 years.’ Children cannot themselves complain 
about this aad -hose of us working for them 
have been slow to tackle the problems that had 
to be surmounted in order to achieve integration. 
This paper outlines the need for this integration 
and suggests how to achieve it, based on the 
experience o- West Dorset. 


Why integrate? 

It is logical. The existing fragmentation into et 
least two and often three units or trusts in any 
district creates boundaries that are not designed 
to be cohesive and inevitably creaté gaps and 
overlaps in any service which has to cross them. 
Figure 1 is -he management structure in West 
Dr Ba: Dorset befoze and, figure 2, after integration. 


Unit general manager, 
district general hospital unit 


Orrector of Hospital nurse manager 
midwifery 
3CBU -~ —-Coctors ———-Children s ward 





i 
Crild 


This illustrates the complexity of child health 
services whatever system of management 
operates, and the simplification which integra- 
tion allowed. 


Children require a whole service 

The gaps, overlaps, and fragmentation can 
never provide a whole service for the whole 
child. Every district has its own examples of 
working together with the best of intentions but 
often in opposite directions. Examples of such 
situations are given and referred to under 
subsequent headings. All of them apply under 
this particular heading. 


Other carers and agencies require it 
There are frequent complaints of ‘buck passing’ 


Unit general manager, 
community and 
priority services unit 


Distnct Mental Child and Community Locality Community District District District 
clinical Fandica> family develoament: paediatrician managers nurse physiotherapist occupational speech 
psychologist seraces guidance unit adviser therapist therapist 
unit acmin strator 
Clinical Long stay Senior nurse 
psychologist anit for for special 
for mentally  nental y neads 
handicapped hé idicapozed 
snildren children 
Community Health Paediatric Paediatric Paediatric 
doctors visitors and physiotherapists occupational speech 
school nurses therapists therapists 
Figure 1 Manageren of caildren’s services b2fore mtegraton; SCBU=special care baby umut. 
Unit general manager, 
district general hospital unit 
Director of child health 
Deputy director of child health —---—-——— ~—-— Director of midwifery 
Community Health Senior Paediatic Paediatric Speech Business Long Children’s Chnicai SCBU Child and 
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handicapped 
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and administrative 


services 


Figure 2 Mancgemtent of children’s services afer mtegration, SCBU=special care baby unit. 
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and inaccessibility of the service from general 
practice, social services and education, and 
parents are completely bewildered by the divi- 
sions and splits which prevent their children 
receiving an effective service (see example 


3 particularly). 


Policy making requires it 

The majority of policies or good practice guide- 
lines that relate to the health of children involve 
contributions to the overall service from several 
units or agencies (see example 4). 

Policies and protocols are only effective if 
they are then ‘owned’ by all the members of the 
groups involved, from management level to 
field workers and clerks. This can happen if 
there is clear accountability for creating a policy 
and then putting it into operation. 


Purchaser/provider split requires it 

The division from the old health authority units 
into a purchasing health authority and provider 
trusts or directly managed units threatens to 
increase the feeling of fragmentation for workers 
within the service. Priorities for contracts and 
funding may be quite different from one trust to 
another (see example 5). 


Recruitment requires it 

There are certain professional groups, such as 
speech therapists, clinical psychologists and, in 
some areas, health visitors, which are in short 
supply. Applicants can choose from the many 
districts with vacancies, who then find them- 
selves competing to attract new staff. A well 
organised integrated department that has clear 
standards and policies is far more attractive to 
these applicants and quite soon generates a 
confidence which gives the district a good 
reputation. It is not long then before advertise- 
ments start to produce a choice of field, which 
in turn enhances the quality of the department 
as a whole. West Dorset found this particularly 
true in the speech therapy department, and the 
prolonged vacancies that used to be a frequent 
feature now seem to be a thing of the past. 


Examples 

EXAMPLE I 

A young child with profound disability discharged from 
hospital, with the assurance to his parents that there will 
be prompt visits from their health visitor and respite care 
arrangements made. These arrangements were mentioned 
in the discharge summary from ward sister to health 
visitor and ward doctors to general practitioner (GP) but 
nobody actually referred the child to the respite panel, 
nor checked that there was a health visitor ın post at the 
tume Under the integrated system the ward sister 
telephones the semor health visitor or laison health 
visitor directly and requests both a visit to the family and 
a referral to the respite care panel. This does not depend 
on the ward sister’s good memory, as ıt is part of a 
written policy and the procedure 1s known to the 
consultant paediatrician, ward sister, senior health visitor, 
etc. 


EXAMPLE 2 
A child wth enuresis referred to the outpatient department 
by his GP The acute paediatrician recommends an 
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enuresis alarm and suitable follow up, writes to whichever 
agency he believes supplies this service but finds when ke 
sees the child three months later that the alarm has never 
been supplied. This 1s because the alarms are held under 
the incontinence budget of the community unit which 5 
overspent and every request has to be assessed and vetted 
by the continence adviser who has a very long waiting 
list. Under the new system an overall policy for the 
management of enuresis 1s agreed, the consultant paedic- 
trician knows that he refers direct to the school nurse fer 
that child’s school, who keeps her own stack of alarms 
and, 1f she has a waiting list, can alert her senior nurse 
who must monitor that the general waiting list standards 
for the whole department are met-—that is, assessmert 
must be within sıx weeks of referral and treatmert 
initiated within 12 weeks. In neither situation does tke 
child actually get the alarm any sooner but in the seconc, 
everybody knows exactly what is happening and t= 
family do not feel ignored. 


EXMAPLE 3 

A child unth cerebral palsy requiring specialised seating m 
order to be in a position where he can carry out schoc] 
work. The health service has supplied seating at home fcr 
mealtimes; the education department considers that 1 
has no budget for such specialised seating in school and 
social services will not contribute to meet the childs 
needs within school. The education department’s links 
are with the consultant paediatrician who 1s unaware cf 
the complexity of this problem so writes angrily to the 
district physiotherapist ın the community unit who hes 
no links with the other agencies. Under the integrated 
service the department of child health’s managemert 
group can tackle the whole problem by delegating ore 
person, for example, the community paediatrician, to get 
the relevant agency staff together. Recommendatiors 
from these staff should lead to an effective, united 
interagency bid, for example, to joint finance, to cover 
any specialised seating requirements within school. 
Such bids carry weight because they have a clear policy 
and recommendations behind them and the united voic 
of relevant departments and agencies expressing them. 


EXAMPLE 4 

Creating a policy for management of the dying child requires 
first of all a decision that this is necessary and then 
delegation of a convenor to draw up a working party and 
make recommendations. Under a fragmented system the 
working party recommendations may only be taken up 12 
part by one unit so that the management of such a child 
within hospital may become excellent but with none cf 
the recommendations met when he goes back home, cr 
vice versa. Under an integrated system the recommends- 
tions can be discussed and converted into policy which 3 
then effective because it is clearly owned by the whoE 
department. It also makes it possible to promote and 
publicise the policy among the wide range of professionas 
involved in this sort of situation. 


EXAMPLE 5 

A child with severe learning disabthty who has reached 
adulthood must transfer from all the services who have 
supported him and his family throughout childhood te, 
not only new services and service givers, but a whole ne-v 
trust or unit. Under the fragmented system this cou 
work in some cases where the child was well known toa 
community team who dealt with children and adults but 
may not work at all where a child has been predominantly 
hospitalised or away at residential school and therefore 
not Known to the community team. In an integrated 
department the two trusts or umts can already have been 
asked to draw up a contract which includes effective 
overlap of services so that hand-over is planned during 
the last two or three years of childhood, wherever the 
child is, so that the adult services have a clear picture cf 
that particular young person’s needs before they take oa 
full responsibility for meeting them 
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Who and what ta include? 

It is essential to scart off with the inclusion of 
obvious mair. groaps of child health services: 
the paediatric ward(s), special care baby unit, 
paediatric intensive care, community paediatrics, 
school health, and paediatric therapists. There 
are other importamt departments that must be 
included at an eexly stage, no matter what the 
difficulties in doirg so: child and family guidance, 
health visiting, mental handicap services, and 
clinical psyckologr. 

In West Dorset the groups that required 
more discussion end compromise than others 
were the special cere baby unit, health visiting, 
clinical psychology, and speech therapy. The 
special care baby cmt had been run as part of 
the maternitr uriz and its nurse management 
line was not :he same as that for nurses in the 
children’s werd. It was agreed that the nurse 
manager for midwifery would relate to the 
director of child Lealth over all matters in the 
special care >abv7 unit but the budget stayed 
with the acıte mnit manager and was not 
separated out to cild health. Once it was found 
that the new department worked, it became 
uncontentious to hand over the budget for the 
unit and this experience eased the way for the 
eventual inclision of midwifery/obstetrics into 
the same department when, two years later, it 
became the deperzment of maternal and child 
health. 

Health vistors were invited to meet the 
director of child health very soon after his 
appointment. He put forward his management 
philosophy isee later) and asked if health 
visitors agreed that these ideas were fundamental 
to them and # so. 2e invited them to join him in 
the department of’ child health. There were of 
course many anxieties expressed and felt over 
the early weeks and months, particularly relating 
to the generi wo-k of health visitors but they 
joined the department by consent, not coercion. 

A similar agreement was made with speech 
therapists, agein making clear, in all documents 
as well as verbally, their continuing generic 
role. 

Clinical psecho'cgy was embryonic, being only 
a recognition by tre district clinical psychologist 
that some b2harpur modification advice was 
necessary for chi.cren with learning disabilities! 
It has since teen possible to appoint a full time 
clinical psychologist within the department of 
child health and this is an area for further 
developmentin th= near future. 

It is logical to include obstetrics, genetics, and 
all antenata. sa~nces within the integrated 
department. Each of these may be quite a big 
step to take and may be achieved more easily 
once the department of child health is seen to be 
up and running with an identifiable management. 
In West Dorset the maternity and gynaecology 
services were integrated after the department 
had been rurnin2 for two years and a system of 
clinical directorates was introduced for all 
specialties. 

Paediatric surzery—general, ear, nose, and 
throat (ENT), eyes, other specialties—should 
also eventually >> included but will certainly 
take time to achieve. The most important step 
initially is to assis: surgeons to see children as a 
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separate group, and not as ‘mini’ adults and a 
group whose needs are already well defined 
in the recent guidelines published by the 
National Association for the Welfare of Chil- 
dren in Hospital.? 

Tertiary services—paediatric cardiology, onco- 
logy,. neurology, and urology, etc, should 
be formally linked to the department of child 
health even though they will usually be in 
another unit or trust or district altogether. 
Informal discussions that eventually lead to 
formal contracts between each of these special- 
ties and the department of child health is one 
way of achieving this. 

All administrative staff relating to all the 
included departments, should be brought within 
the department of child health under an overall 
business manager. This requires some negotia- 
tion where staff have divided posts, for example 
in community clinics where they may cover a 
range of jobs. By including them from the 
beginning their loyalty to child health itself can 
grow because they feel part of a whole service. 


Where will the mam problems lie? 
ORGANISATIONAL BOUNDARIES 

Initially these will be in the breaking down of 
previous fixed structures or professional 
allegiances—for example, children’s wards in 
acute services, school health and health visiting 
in community services, the special care baby 
unit in midwifery services, ENT patients in ENT 
wards, etc. Professional bodies such as the 
Health Visitors’ Association and other thera- 
pists’ associations may intervene and require 
individual discussion and reassurance in order 
to gain their support for the changed manage- 
ment of their members. 


WORK WITH OTHER AGE GROUPS 

There may be concern that generic services such 
as health visiting and speech therapy will be 
prevented from continuing their work with age 
groups other than children. Again, discussion 
and reassurance are required and written 
recognition of their responsibilities to other age 
groups should be made in every document. 


INDIVIDUAL AND COLLECTIVE ANXIETIES 
Supporting people during change is a manage- 
ment skill that is particularly required in the 
NHS. All must have an opportunity to ask 
questions and air concerns and positive, truthful 
answers are essential. Repetition of the depart- 
ment’s philosophies, coupled with assurances 
that professional advisory links will be main- 
tained, can reassure most staff. There are a few 
whose fears will cause them to rage and rebel 
against the new structure and they too must be 
heard and answered but they have an agenda of 
their own and cannot be allowed to prevent the 
whole movement from going forward. 


MANAGERS 
The director must be appointed at a very early 
stage once a policy of integration has been 
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agreed. It should be a clinician if clinical direc- 
torates generally are the district’s intention and in 
most places it is likely to be one of the paediatric 
consultants; (s)he has to learn fast how to be a 
manager. The department’s model must not be 
a medical one, nor yet a nursing one, but a new 
model for children and its philosophy must, in 
reality not just in lip service, be to meet 
children’s needs and not necessarily those of the 
staff. 

Obtaining a service manager of a high enough 
grade and experience to make the early stages of 
the integrated department work smoothly is 
essential in order to achieve the inevitable 
changes and make them tolerable for all con- 
cerned. A policy of ‘slotting in’ existing senior 
staff is unlikely to answer children’s needs. 
There is a real danger of writing a job description 
to fit the person, rather than the post and this 
can only be resisted if it is clear from the 
beginning that the post will go to open adver- 
tisement. Some senior staff may well be en- 
couraged to apply but others—those who are 
negative, those who need their halo to shine, 
those who are nice but with little management 
experience—should be told honestly from the 
beginning that they are unlikely to be suitable 
for the post. 

An administrative or business manager is also 
needed in order to integrate the running of such 
a widespread department—from the hotel 
services of a children’s ward to the administrative 
jigsaw of the school health service. Again, this 
post is most likely to be satisfactorily filled if it 
is advertised on an open market. 


DEFINITION OF A BUDGET 

Drawing up a realistic budget from the dispersed 
structure of children’s services that spans several 
units or trusts requires cooperation from each of 
the relevant finance departments and the per- 
severance of the department’s service manager. 
There may be much negotiation involved to get 
the budgets set high enough for at least the 
possibility of being within budget at the end of 
the first financial year. 


DEPARTMENTAL HEADQUARTERS 

The siting of the new integrated department in 
one or other unit or trust is a fairly arbitrary 
placement, though it is likely to cause much 
discussion and concern among those who actually 
have to move from one unit to another. When 
West Dorset planned its integration the idea of 
contracting for services between units was a new 
one but that is now common practice so poses 
no problem. In fact West Dorset started off in 
the community and priority services unit but 
when trust status was introduced, moved into 
the general hospital trust. 
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How to start 

There must be a ‘critical mass’ of semor staff 
willing to integrate in order to take the initial 
steps. It is not necessary for all of these to be 
from one discipline but it is likely to be difficult 
to achieve if there is not a majority of consultant 
paediatricians who are in agreement. The initial 
discussions must lead to a strategy document 
addressing issues such as those outlined above 
and showing how integration will proceed. 

The department’s philosophy must be defined 
and stated at the start of the strategy document. 
To be convincing and create an effective service, 
these philosophies must be along the following 
lines: 

è To meet the health service needs of all 

children living in the district; 

e To meet these needs within the context 

of the family; 

è To view childhood as a time of growth and 

development and not as ‘mini’ adulthood; 

e To view prevention as a principal theme 

of the services offered. 

The framework for the department, and its 
siting within the district’s management system, 
must be worked out with unit/trust managers. 
At the same time the job description and salary 
grading for the new post of service manager 
must be agreed so that there is as little delay as 
possible before this important post is filled. 
Devolvement and definition of budget can then 
proceed and at the same time the director and 
service Manager must consult with each group 
of staff being brought into the integrated 
department, outlining their philosophy, plans, 
timescale, and managerial structure and honestly 
addressing the anxieties which will be raised. It 
is important not to prolong this stage any 
further than is absolutely necessary because of 
the escalation of anxiety which occurs during 
periods of uncertainty and change. 

Creation of an action plan with realistic 
deadlines is an essential early step within the 
new department. It makes a constructive focus 
and conveys the message that this is a depart- 
ment of progress which is willing to tackle the 
gaps and inefficiencies of the past. By formally 
reviewing this action plan at frequent intervals 
(for example, every six months at first) this 
positive feeling can be maintained and the 
ownership of the whole child health service can 
be felt by all its parts. This builds confidence 
and morale which is in turn conveyed to those 
for whom the department was created—the 
children and their families. 


1 Commuttee on Child Health Services” Fu for the future 
London: HMSO, 1976. (Court report.) (Cmnd 6680 ) 
oe ee J National Associaton for the Welfare of 
huldren ın Hospital Qualy Review Seng standards for 
children m health care. London. NAWCH, 1989. 
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It should be said at the outset in a paper in a series 
on treatment that, of course, consultation is not 
a form of therapy. Indeed, in some importent 
ways it can be seen as, at times, an alternative to 
therapy. 

For histcric reasons, because of the nature of 
the problems with which we deal, and because 
of the relatively ill defined (and perhaps un- 
definatle) >ouadaries to our professional terri- 
tory, psycinatr_sts are approached about a much 
wider rang of problems than are attributable to 
psychiatric disorder, or which need psychiatric 
care, Everz seriously unhappy or misbehaving 
child could at least in principle be taken on by a 
child psychiatrist. This, however, would make 
no mcre sense than to say that the ‘right’ 
professions! would be a psychologist, or psycho- 
therapist, or family therapist; or a paediatrician, 
genera. prectitoner, health visitor, or counsellor 
with the apprepriate skills and interests for that 
matter. (And there are some 30 or 40 other 
workers ome could list.) It often isn’t clear who 
is in the best position to help which child and 
family wita whatever presents as a psychiatric 
problem. It depends not only on the clinical 
symptomaiolozy, if any, but on the skills, 
strengths, availability, motivation, and interests 
of the other people involved with the child. This 
includzs lis cr her parents and non-clinicians 
such as teaches. 


Definitiors 

In this comtext the term consultation represents 
a set of techniques and approaches by which one 
professional can help another, not necessarily 
by taking over the child’s case (although this 
can remain an option), but by seeing if he or she 
can help the first worker to manage the child’s 
case efter all. At the most basic descriptive 
level, consultation is about one professional ‘the 
consu:tan-) helping another (the consultee) with 
a problerm but without taking over care or 
professioral responsibility. In this sense it 
differs from traditional chnical consultation, 
where the doctor sees and treats the patient. To 
avoid confusion I have recommended the term 
interprofession2zl consultanon'’ for the work 
described here. 

Weat ss interesting about interprofessional 
consultation (and having thus identified it, 
I will revert to ‘consultation’ for short) is the 
complex -ange of implications of this relatively 
simple acd szraightforward definition. Consul- 
tation may involve, for example, a child psychia- 


trist:and a paediatrician discussing a case in a 
way which leaves the referring professicnal 
feeling he or she would like to carry on with the 
patient concerned, and reasonably confidant 
about doing so. In this example, the consultant 
may have helped the consultee appreciate what 
he or she can after all do for a child who was 
thought at first to need psychiatric care. 3uf 
consultation can also involve a visiting doctor 
helping the staff of, for example, a school or 
children’s home develop ways of handlinz a 
misbehaving boy effectively enough to avoid 
him having to be seen at a psychiatric clinic; and 
as a result, ideally, handling a proportion of 
other children more effectively too. 

This may invite the question whether consul- 
tation is no more than a substitute for cear 
criteria for referral to a psychiatric clinic. 
However, while the criteria, say, for the referral 
of a child with the symptoms of meningitis or 
appendicitis from a generalist to a specialist are 
clear, decisions about when or whether people 
have reached the limits of their resources in 
handling unhappy, misbehaving, or otherwise 
malfunctioning children are less clear-cut. They 
bring in a whole set of other variables, sucn as 
ideas, imagination, problem solving skills, staff 
consistency and, not least, opporminities (or the 
lack of them) to get together anaconsider what 
to do in a reasonably calm, systematic, and 
focused way. It is a constant surprise in 
consultative work to find how frequently staff 
involved in child care can do more than they 
initially thought, when the only authority the 
outside consultant brings is ‘permission to 
stand back for half an hour from the tension 
and hurly-burly of the work, and the skil to 
help them look again at what they are tryirg to 
do and how they are trying to do it. =? 

This implies a further important characteristic 
of consultative work: that the point 1s nor. for 
the consultant to bring his or her own metnods 
and concepts to bear on the issue at hand, Eut te 
seek to mobilise those of the consultees. The 
psychiatrist consulting to, say, a paedgatric 
clinic, school, or children’s home doesn’t tty to 
treat the children ‘through’ the paediatrician, 
teachers or residential staff but uses consultative 
approaches to mobilise paediatric, teaching. and 
residential care experience and skill. 

Of course, at first sight this may seem | ke a 
professional ploy akin to a jobbing garcener 
persuading his employer to do the digging, 
perhaps indicating that providing a better spade 
for the employer and a deckchair for the 
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gardener might not come amiss. However, a 
central point in consultatation is that any of us 
may be able to manage a particular case or issue 
better than we initially supposed given a focused 
opportunity, encouragement, and help in what 
is essentially a problem solving exercise. If this 
works, and the‘admittedly limited research into 
consultation suggests that it can,*> then the 
consultative process is an educational exercise as 
well as a way of handling day to day practical 
matters. Instead of being told what to do, 
shown what to do, or having the job taken over 
by someone who is supposedly more expert, the 
consultee learns something new. All of us, in 
our roles as teachers or trainees, know that this 
is an effective style of training, applicable to 
many (though not every) situation. 

There is also an important reciprocity in the 
consultative relationship. The person who for 
this particular issue is the consultant does not 
take a superior stance, for example indicating 
that the other person should surely be able to 
work it out for himself. Rather, the joint 
exploration of what a colleague has indicated is a 
problem is a learning exercise for the consultant 
too. The outcome of, say, a surgeon consulting 
in this way with a physician should mean that 
each learns something about the other’s work 
that they didn’t know before. I would say that 
the most important single quality of a good 
consultant is curiosity; a genuine wish to find 
out what goes on in the other’s field, the nature 
of the problems that arise, how they might be 
clarified, and how resolved. 


The value of consultation 

There are benefits of consultation that— 
potentially-make the whole exercise worth 
while. I say potentially because the field is 
relatively new, that is about 20 years from its 
inception, and needs more evaluative research. 
But on the face of it one can suggest the 
following advantages: 

(1) As already indicated, it can be educa- 
tional. If I set out to refer an anxiety-making 
diabetic adolescent to a physician and, instead, 
the physician helped me explore how I can help 
the adolescent and the family manage the 
diabetes more effectively and responsibly, then 
I would learn a great deal more than had the 
other doctor simply taken over. I might well 
find that I not only handle that patient’s case 
better, but future cases too. 

(2) Second, it may enable the patient to stay 
with the original practitioner instead of having 
another appointment with another clinician in 
another unit or hospital. How much time ts 
taken up by patients in transit, or ‘stacked’ 
around clinics? This is not only a question of the 
convenience of those involved, but also concerns 
continuity of care, which is of particular impor- 
tance in child and adolescent psychiatry, 
whether one is trying to ensure stability of 
relationships or the success of a behaviour 
therapy programme. (For example an autistic, 
unhappy, or misbehaving child is more likely to 
benefit from those in touch with them doing the 
right thing throughout the week, than from a 
psychiatrist doing something brilliant once a 
week in the clinic.) 
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(3) If it should emerge, immediately in 
consultation or later on, that the patient (or an 
aspect of care) would indeed be best taken over 
by the second professional worker, then the 
small amount of time ‘lost’ in consultation is 
likely to prove to have been well spent ın 
clarifying the nature of the problem, who 
should be doing what, and (of special importance 
in the child psychiatry field) where appropriate 
authority for action (for example admission, 
medication) is going to come from. Certainly in 
‘emergencies’ in adolescent psychiatry the gains 
can certainly outstrip the imagined problems 
when an admission to hospital, or an urgent and 
unplanned appointment, is held off for a little to 
allow for consultation between those already 
involved and those who are about to become 
involved. ? 

As was mentioned earlier, there are many 
different types of worker in the broad field of 
child care and mental and physical health. The 
field is kaleidoscopic. If the first professional 
approached (and this too is quite arbitrary—he 
or she may happen to be for example a teacher, 
a health visitor, a general practitioner, a paedia- 
triclan, a psychiatrist, a psychologist, or a 
counsellor, among others) feels out of his or her 
depth, it is often not absolutely clear to whom a 
rereferral should be made. If the art of good 
consultation were part of the professional 
repertoire of all such specialist workers, it might 
well be possible to make more economical and 
more speedy use of the immensely complex 
network we have of different types of skill and 
service. 

(4) There is another value of consultation 
which I will refer to only briefly. So far I have 
suggested consultation as an effective way of 
problem solving and establishing the most 
appropriate help available. However, there is a 
great deal of ethical as well as technical contro- 
versy in medicine, and dilemmas for example 
about behaviour, education, social and family 
norms and expectations, HIV testing, genetic 
issues, high technology health care, alternative 
medicine, and sexual experience and behaviour 
which cannot be resolved by negotiation and 
information alone. The subjective views and the 
values of different practitioners, families, and 
indeed children themselves also need taking into 
account, and again the consultative process 
provides a forum for sorting out not only what is 
supposedly needed but what is wanted. Ques- 
tions of the law relating to children!’ and of 
informed consent! can also be addressed in this 
way. 

To sum up what ts being presented as the 
value of consultation: in an increasingly 
complex, diverse, and changing field of need on 
the one hand and services on the other, consul- 
tation can be a more effective way than the 
traditional ‘referral’ of sorting out who is most 
able and willing to do what. And, further, it is a 
method which educates all sides as it proceeds. 


The theoretical bases for consultation 

Consultative approaches draw on a number of 
theoretical models. The figure suggests the 
various areas on which consultation might focus 
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as the problem solving exercise proceeds. First, 
there is the -elationship between consultant and 
consultee, so that the science and art of inter- 
personal relationships and interpersonal skills 
are involved. However, it is important to 
recognise that consultation is an equal relation- 
ship in which consultant and consultee contri- 
bute their respective understanding and skills 10 
problem solving. It is essentially a joint explora- 
tion and negotiztion, not about power but about 
how best to clarify an issue or problem and 
manage it.! 7 47 

Second, there is the relationship between the 
consultee aad the problem’. So far, this has 
been discussed in terms of a patient’s problem, 
so this dimension of the figure is about clinical 
skills. We don't operate at peak efficiency all 
the time, especially when under pressure, and 
consultation, simply by creating a piece of 
focused space and time to take another look aia 
problem can enable us to use our clinical skills 
more effectively. Having said this, the question 
in hand is not invariably a clinical one; an 
organisational :ssue is also a legitimate subject 
to consult bout, and again in the relative calm, 
it is to be Loped, of a consultation it is possible 
to look agein at managerial, interprofessional, 
or other metters that need attention. 

Thus far, then, consultation is described in 
terms of helping to mobilise personal skills. Bur 
another possible focus for consultative work is 
that whick is available, or missing, in the 
work seturg—for example facilities, personnel, 
and such basics as time (and timetabling) and 
space. It is interesting how often what may Icok 
at first like a clinical problem, or a problem of 
personal skills, can emerge as a primarily 
organisational problem.'? The process of sys- 
tematic joint inquiry about the precise nature of 
the problem, end precisely what is needed, can 
come up with some surprising results: that a 
child care team, for example, does not have 
effective support or supervision, or that a 
department hzs a chaotic timetable, conflicting 
goals, or confused decision making and com- 
munication systems. 

Part of the mterest and challenge of consulta- 
tive work :s that the process of objective, shared 
inquiry into precisely what impedes and what 
enhances wors may well lead into unexpected 
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areas, whose practical implications and con- 
ceptual roots may be in, for example, social 
science, ethics, anthropology, or politics.’ °? =--> 
This can cause problems, as is discussed 
below. 


Practical aspects of consultation 

Consultation may therefore be centred upon 
the consultee, that is in terms of thinking 
through and reviewing how he or she has been 
dealing with an issue, on a clinical or organis- 
tional issue the consultee identifies, or on the 
work setting. Of course, with mutual agreemert, 
the focus can shift if that is appropriate. 

Consultation has already been described as an 
activity where the style of problem solving leads 
also to further learning. It is important to nete 
that further learning can also be the primery 
purpose of a piece of consultative work, tor 
example if a child care team asks an outside 
consultant to help it develop its skills or the way 
it is organised, using day to day work issues as 
training material. 

Consultation may be informal and ad hoc, for 
example a meeting over coffee, or in the wav a 
referral or other inquiry is handled. It may 
involve two people, or a group, and may happen 
over a specific number of sessions or indefinitely. 


Problems in consultation 

(A) MISUNDERSTANDING 

If it is consultation as described here that is 
being sought or offered, that should be made 
clear. For example, if the transfer of respons_bi- 
lity to another clinician, or the transfer of care 
from one unit or ward to another (the term 
‘disposal’ is sometimes used) is wanted, iz is 
annoying to be offered consultation instead. 
Such things happen, for example in intensive 
care areas. 


(B) IS CONSULTATION TIME CONSUMING ? 

The question is rather to do with whose ume is 
consumed, and when. Writing a referral note to 
a clinic, where a patient and parents are booked 
into a clinic some weeks hence, may take just a 
few minutes in terms of staff time. A detailed 
clinical assessment, perhaps after a wait of 
several weeks, may use many hours and turn 
out to be not necessary. A consultative respcnse 
to referrals, or at least to some of them, may 
actually save time, enabling a more finely 
modulated response (G Savoury et al, 
unpublished observations).? © 7 But it may not 
seem that way, and sometimes it may no: be 
that way. 


(C) CONSULTING AT THE WRONG LEVEL 

It is an assumption of consultation that the 
consultee is at least potentially able, with kelp, 
to handle the matter in hand. However, if a 
problem looks like a clinical one (for example a 
registrar or staff nurse in difficulties over a case 
in an intensive care unit) but the answer lizs in 
matters of policy (for example in terms o: the 
medical or nursing training or superv-sion 
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provided there), then the consultation will run 
into difficulties. Part of the skill of consultation 
is in checking that consultation is appropriate, 
with whom, and with what focus. 


(D) STRAYING INTO OTHER TERRITORY 
Consultation is something of a balancing act. It 
is not ‘support’, or psychotherapy, or supervi- 
sion, or about intervening in local politics or 
administration, and yet approaches the edge of 
these areas. This is not simply a fine point of 
semantics. It is possible to get into real diffi- 
culty, and may be professionally and legally 
hazardous, if you believe you are offering 
consultation as defined here to a children’s 
home, while the local authority believe you 
are supervising its staff. Such muddles happen. 


(E) CONFIDENTIALITY 

Confidentiality is sometimes an unexpected 
problem. For academic purposes it is easier to 
preserve the confidentiality of a patient than an 
institution and its staff. There is also the 
problem of the consultant being unhappy about, 
say, practices in a children’s home, or problems 
in the staff, and finding that consultation is 
making no impact. The expectation of consulta- 


tion that all participants are expected to be. 


responsible, within their roles and levels of 
expertise, is a help here rather than a hindrance, 
because if consultees cannot learn from consul- 
tation there should be a mutual agreement to 
end it. Perhaps supervision is needed instead. If 
a consultant discovered serious malpractice the 
same would apply, and if none of the consultees 
were willing to explain it to the appropriate 
authority the consultant, in a different role, 
might have to instead. 


(F) EXCESSIVE PURITY 

Consultation needs to be reasonably clearly 
defined and its brief adhered to. At the same 
time it should be pragmatic and helpful, and 
should not become locked into a particular 
ideology. Thus the aim not to overlap with 
clinical work should not be used to defy 
common sense if, for example, a doctor consult- 
ing to the staff of a children’s home or a school 
suspected that a misbehaving child had a 
psychiatric problem. If there is an impasse over 
this or any other sort of problem there is an in- 
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built solution: consult the consultees and review 
what you are doing; it is all grist to the 
consultative mill. Moreover, consultative and 
clinical approaches can be explicitly used 
together in a dual consultative-diagnostic 
approach, in which tasks are shared out as, for 
example, those for the social worker, those for 
the parents, those for the school, those for the 
clinician, and indeed those for the child. This is 
particularly helpful in child and adolescent 
psychiatric practice, where ‘who does what’ can 
be contentious. ? Y 


Conclusion 

In child and adolescent psychiatry, and I would 
suggest in related fields too, it is often not 
obvious which professional worker is the most 
appropriate for which type of presenting 
problem. Moreover, it often happens that 
several people are needed to work together, 
sometimes on an ad hoc basis, for a particular 
child’s case. I doubt whether this could ever be 
worked out as part of a ‘grand design’, or by 
computer. Consultation, as a collaborative skill 
all specialists could usefully have, offers a 
helpful way of clarifying who should do what 
with whom in a particular child’s case, and it 
educates, and studies the field, as it proceeds. 


This paper is based on a talk given to the Congress of the 
European Society for Paediatrics held ın Athens un October 1990 
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Some of the most important statistical analyses 
are those wh:ch deal with the relationship between 
a variate y and another quanitity x which 1s 
recordec om the same items. We may for 
example wisa to relate the response to a drug (v) 
to the dose administered (x); or the head 
circumference af a baby (y) to its weight (x). A 
possible sinrple model for a relationship of this 
kind is to suppose that we can write 


y=atpxte (1) 


where the € s are random quantities with mean 
zero. 

To exploze the implications of this, I shall 
need some rotation. Suppose we consider all the 
items in the population which have a certain 
specific value of x, x=xy say. In our examples, 
these woulc be all the responses to a particular 
dose, or all the babies with a particular weight. 
These seleczed items constitute a population in 
their own ght, a subpopulation as it is called. 
This subposulztion will have a mean value and 
this in general will depend upon which value of 
x we have =hosen (mean response will depend 
upon dcse, mean head circumference will depend 
upon weight). 

A mathematician’s term for a mean is ‘expec- 
tation’ or ‘expected value’ and the corresponding 
notation Etwy) is sometimes used to denote the 
population meen of y. Here for the mean of the 
subpopulat-on at x=x, I shall write E(y|x=x9) 
where the vert-cal bar should be read as ‘given 
that’, or .n “echnical language ‘conditional 
upon’. More s:mply, I can write E(y|x9). This 
mean valu2 cc a particular subpopulation is 
called z corditional mean, and in principle I can 
obtain the conditional mean of y for any given 
value of x. 

Suppose now that I calculate the conditional 
means Of y for a whole set of values of x and that 
I plot taese means against their x’s. Suppose too 
that when I do this the result is a straight line 
whose equation can be written as 


E(y|x)=a+Bx (2) 


This is jus: another way of writing the relation- 
ship (1) atove. The relationship (2) is called a 
regression equation, and a and f are the regression 
coefficients The coefficient a is the intercept, 
that is the mean of the subpopulation at x=0, 
and the co2fficient 8 is the slope, the amount by 
which the mean of y increases for a unit increase 
in x. 

The regression equation (2) 1s only a partial 
description oi the population of (x, y) pairs; it 
tells us the mean of the subpopulation at any 
particular value of x, but we still need to specify 


the variability and other properties. As well as a 
mean, each subpopulation will have a standard 
deviation and in the simplest case we assume 
that this standard deviation is constant and does 
not depend upon x. This standard deviation 
can be written as Ox to distinguish it from 
the unconditional standard deviation o, which 
applies to the whole population of y’s ignoring 
the x’s. It is sometimes useful in addition to 
assume that each of the subpopulations has a 
Normal distribution. 

With these assumptions, the usual textbook 
formulas or computer programs can be used to 
obtain estimates a and 6 of a and B from sample 
data consisting of (x,y) pairs, and also an 
estimate sy, Of Oyz, the conditional standard 
deviation which measures the scatter of the y 
values around the regression line. From this, 
the standard errors of a and b can be obtained. 
Simple t tests can then be use to test hypotheses 
about a and B and to provide confidence 
intervals for them. For a reason to be clarified 
below, the degrees of freedom in these tests will 
be two less than the number of data pairs in the 
sample. 

With regard to the x’s, itis useful to distinguish 
two situations. 

(1) Consider the example in which children 
are treated with one out of (say) four doses of a 
drug. What we have is a set of four subpopula- 
tions, and each subpopulation carries an x value 
which is a quantitative label—here, the dose. In 
this type of situtation, the x’s are not random 
variables; if we think about drawing further 
samples of data, these will come from the same 
subpopulations with the same values of x. The 
x’s are better described as values of a vanable 
rather than of a variate. 

(2) Now consider the other example, in which 
the head circumference of a baby (y) is regressed 
upon its weight (x). Now we have a brvanate 
population whose items are the babies and 
which has two variates recorded upon each 
item, head circumference and weight. Provided 
that our assumptions about the y’s hold good, 
we can use exactly the same model for the 
regression of head circumference upon weight, 
embodied in equation (2), and we can estimate 
the parameters of the model using exactly the 
same methods. However, a new feature emerges. 
It is now quite reasonable to investigate another 
regression equation, 


E(xly)=y+8y (3) 


This is the regression of weight upon head 
circumference, which relates the conditional 
means of x to values of y. It is important to 
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realise that this represents a quite different line 
from that given by equation (2). If we wish to 
know the average head circumference of a baby 
of a certain weight, then equation (2) with the 
coefficients a and B estimated from a sample 
will enable us to do so; if (for some reason) we 
wish to know the average weight of babies with 
a particular head circumference, the equation 
(3) must be used. 

Suppose that we have a sample of (x, y) pairs 
and that from them we obtain the estimated 
version of equation (2), 


ý=a+bx (3) 


where # denotes the estimate of the conditional 
mean E(y|x). For each actual pair of observations 
(x,y) we can calculate the residual (y—f), the 
discrepancy between the observed value of y 
and the estimate of its mean. The estimate of 
the variance about the regression line, sé|,, 
is found by forming the sum of squares of the 
residuals and dividing this by its degrees of 
freedom. It can be shown that there are two 
exact relationships between the residuals—the 
sum of the residuals is exactly zero, and so is the 
sum of the residuals each multiplied by its value 
of x. This means that, if you are told all but two 
of the residuals (and all the x’s), you can 
calculate the last two without looking at the 
data. This is why the degrees of freedom are two 
less than the sample size. The true conditional 
standard deviation o,|, is just the standard 
deviation of the true residuals (y—E(y|x)), and 
it and its estimate are often referred to as the 
residual standard deviation. 

Calculating and using the residual standard 
deviation carries with it the assumption that the 
residuals constitute a random sample and exhibit 
no systematic features. Checking this assumption 
should be an important part of any regression 
investigation. The most useful checks are 
graphical. For example, a plot of the residuals 
against the values of x should show no excep- 
tional features, such as outlying values or 
curvilinear trends. 

A presentational! point arises with the estimated 
regression equation (3) above. In this form, the 
intercept a represents the mean of the sub- 
population of y’s at x=0. If x is a variable such 
as weight or stature this may be a quite 
meaningless quantity far outside the range of 
the actual data. As a result, the estimate a will 
be meaningless too, and because of the extra- 
polation it will have a very large standard error. 
It is preferable to express the equation in the 
form 


g=at+b (x—-X) (4) 


where X is a convenient round number some- 
where near the centre of the data values. Note 
that this does not affect the value of the slope. 

A situation that requires a good deal of care is 
that in which there are two levels of variation 
(see note 6 of this series), such as when 
repeated measurements of both x and y are 
made upon a number of subjects. Data of this 
kind are common when the investigation relates 
to the growth of children or the time course of 
the response to a drug. It will then be possible 
to calculate a regression line for each subject 
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separately, describing the relationship of y to > 
within the subject, and an average of the within- 
subject slopes can be obtained. It will also be 
possible to calculate the means of x and y for 
each of the subjects and to estimate a between- 
subject regression based upon these means. It is 
important to realise that the within-subject’ and 
between-subject slopes will generally be quite 
different—they may not even have the same 
sign. It is possible, for example, to measure 
some quantity on a number of newborn babies 
and to calculate the regression of this quantity 
(as y) on gestational age (as x). But it 1s quite 
unsafe to assume that this between-subject 
regression can serve to describe what happens to 
a single fetus in utero as its gestational age 
increases. 

Regression can often be a useful method of 
allowing for a factor whose effect upon the main. 
variate of interest cannot be tightly controlled. 
As a simple example, suppose we wish to 
compare the head circumferences of male 
newborns with those of females. There is no 
great difficulty in obtaining samples from the two 
populations and the means can be compared by 
way of an unpaired t calculation. However, head 
circumference at birth is related to gestational 
age and it is unlikely that the two samples have 
exactly the same mean gestational age. Any 
difference that we observed between the two 
mean head circumferences may thus be in part a 
reflection of a difference in mean gestational 
age. Suppose then that we calculate the regres- 
sion of head circumference (as y) on gestational 
age (as x) for each of the two groups. The two 
lines permit us to read off the mean head 
circumferences at a particular gestational age 
(perhaps 40 weeks), and these two conditional 
means can be compared by a modification of the 
usual £ procedure. This technique has two 
advantages. Not only does it compensate for any 
imbalance between the gestational ages of the 
two samples, it also increases the precision of 
the comparison by utilising the standard devia- 
tions about the regression lines which will be 
smaller than those of the head circumferences 
considered in isolation. Note that the technique 
is most useful when the two lines are parallel; in 
this case the difference between the two condi- 
tional means will not depend upon the particular 
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Figure! Takeninisolation, the mean dtfferencein head 
circumference between girls and boys 1s the vertical distance 
between the means P andQ. After adjustment for gestational 
age, the difference is that between the parallel regression 
lines, RS. The bars at the right of the diagram are twice the 
unconditional and conditional standard deviations 


x value that has been chosen. The parallelism 
of the regression lines can itself be tested by a 
straightforward t calculation using the standard 
errors of the two estimated slopes. This method 
is sometimes called an analysis of covariance, the 
quantity x bing referred to as a covariate. I have 
illustrated ir in fig 1, where I have for clarity 
exaggerated the difference between the x values 
in the two grours. 

Closely linked to the idea of regression is that 
of correlatio2z. Suppose that both x and y are 
random variables and let of be the variance 
of y ignoriag the values of x and o;|, the 
conditional variance of the y’s at a particular x 
value. Then the correlation coefficient o is defined 
by the equation 
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of (5) 

with ọ taking the same sign as the regression 

slope. This quantity is sometimes called the 

Pearson or product-moment correlation, to dis- 

tinguish it trom other similar quantities. There 

appears to be no good historical reason for 

adding the name of Bravais, as is sometimes 
done. 

It can be seen that ọ? is a measure of the 
informatior about y that is provided by a 
knowledge of x. Our uncertainty about a future 
value of y, considered in isolation, can be 
measured by the standard deviation o, or its 
square, the variance ož. If we are then told 
the corresponding value of x, the variance is 
reduced to al,, so that the percentage 
reduction in veriance due to the knowledge of 
the value cf x is just 1000’. Incidentally, this 
shows that ọ° lies between 0 and 1 so that 9 
must lie in the range — 1 to +1. 

A point which is not made clear by this 
definition s tkat the correlation coefficient 1s 
symmetric as between y and x. This distin- 
guishes it skarply from the regression coefficient 
and shows that correlation is only relevant when 
we are dealing with a bivariate population so 
that both = and y are random variables. We 
speak of the regression of y on x (or of x ony), 
but of the correlation between x and y. 

The corrzlat:on coefficient is often described 
as a measure of the assocranon between x and y, 
and this is rue in the sense described above. It 
has to be stressed that it may be a rather 
misleading measure. Consider for example a 
correlation >f 0-5—this is the correlation between 
the heights of fathers and their adult sons and 
sounds quie a high value. Yet knowledge of a 
father’s he-ght reduces the variance associated 
with his scn’s height by only 100x0°57=25%, 
and this trenslates into a reduction of no more 
than 13% in the standard deviation. In the same 
vein, the cocrelation coefficient vividly illustrates 
the differeace between statistical significance 
and practical importance. With a sample of 50 
(x,y) pairs, an estimated correlation of 0°35 is 
highly sign_ficantly differerent from zero, with 
p<0-01; but a plot of some actual data points 
(fig 2) shews that this degree of association 
between th2 two variates is so weak as to be of 
little practical value in most circumstances. 

It can be shown quite easily that the correla- 
tion coefficient, whether of the sample or the 
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population, is equal to the geometric mean 
of the two regression slopes—in symbols, 
e=V6,).-B.,- It follows that the correlation 
is equal to zero only if the regression coefficients 
are equal to zero. The test of significance of the 
correlation coefficient against zero is thus 
exactly the same ¢ test as would be used for 
either of the regression slopes, though as usual 
confidence limits are likely to be much more 
interesting than the result of the test in both 
instances, 

The method of calculating confidence limits 
for a correlation coefficient, which can also be 
adapted to compare the values of two correla- 
tions, is of some general interest. A formula 
exists for the standard error of a sample correla- 
tion, but this is not useful for two reasons—the 
formula involves the unknown correlation, and 
in addition the distribution of the sample coeffi- 
cient is liable to be far from Normal. This latter 
finding follows from the fact that the sample 
coefficient cannot go outside the range —1 to 
+1; thus if the true value of the correlation is 
(say) 0°8, the sample value can be considerably 
smaller than this but not very much larger (fig 3 
shows the distribution for a true value of 0'8 
and a sample of 20 pairs). 

Both these difficulties can be avoided by 
transforming the sample coefficient (r, say) to a 
different mathematical form. The procedure 
involves two steps: 

(1) Calculate p=% (1+r). This quantity lies 
in the range 0 to 1. 

(2) Calculate z=log{p/(I-p)} using ‘natural’ 
logarithms to the base e. This quantity is known 
as the logit of p and is unlimited in both 
directions. 
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Figure2 Datapoints witha correlanon of 0:35 (p<0°01). 


0 02 0-4 0-6 08 1 


Figure3 Thedsstributionof the sample correlation 
coefficient, true value 0=0-8, sample size 20. 
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Figure4 A sample with one outlying pomt. 


It turns ‘out that z is Normally distributed to a 
close approximation, with a standard deviation 
given by V4/(n-3) where n is the sample size. 
Suppose then that we find a sample correlation 
of r=+0°8 in a sample of 20 pairs. Then 
p=0°9, s=2°197 with a standard error of 
V4/17 =0-485. The 95% confidence limits 
for z are given by 2°197+1:96X0-485= 1-246 to 
3:148. These limits can be converted back to 
the correlation scale by calculating successively 
p=ée*/(1 +) and r=2p—1. Corresponding to the 
limits 1-246 and 3-148, the values of p are 0°777 
and 0:959, and the confidence limits for ọ are 
thus 0°553 to 0°918. This trick of transforming 
quantities to make them better behaved statis- 
tically is useful in many contexts, and I hope to 
return to it in a subsequent article. 

For all its prominence in the textbooks, there 
are in fact rather few situations in clinical and 
laboratory medicine in which the correlation 
coefficient is a useful statistic. It is often quoted 
alongside the equation of a regression line, 
probably because it has been automatically pro- 
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vided by a computer program; but it is far more 
informative to provide the standard error of the 
slope and also the residual standard deviation 
which measures the variability of the data points 
about the fitted line. When x is an ordinary vari- 
able (such as the dose of a drug in a dose- 
response study) rather than a random variate, 
the correlation coefficient is usually not a mean- 
ingful quantity. It should also be noted that the 
correlation coefficient can be heavily influenced 
by the presence in a sample of one or two out- 
lying points. Figure 4 illustrates this. As it 
stands, the sample there has a correlation of 
0°61; but if the single point marked A is 
removed, this falls to no more than 0°02. As 
with most statistical analyses, a plot of the data 
is an almost essential part of the interpretive 
process. 

One situation in which the correlation coeffi- 
cient has no place whatsoever, and in which 
regression must be used with caution, is that in 
which two methods of measuring the same 
quantity are to be compared. The null hypo- 
thesis ọ=0 is obviously silly; nobody would 
suppose that two methods purporting to measure 
the same thing could be completely unrelated. 
If one method is a gold standard and the other a 
new technique, it may be of some interest to 
form the regression of the gold standard (as y) 
on the new technique (as x). The standard 
deviation about the regression line then pro- 
vides information about the range of ‘true’ 
values which are consistent with a particular 
reading obtained by the new technique. Note 
however that for technical reasons the slope of 
the regression is not expected to be equal to 1-0, 
but to be rather less than this. A full discussion 
of the method comparison problem would take 
us too far afield at this point; a useful article is 
that by D G Altman and J M Bland, Lancet 
1986;1:307—17. 


1319 


REGULAR 2EVIEW 


19/2@ Claremont Place, 
Newcastle upon —yne 
NE2 4AA 


Cecrzespondence to 
Dr Eushby 


Archives of Disease m Childhood 1992; 67: 1310-132 


Recent advances in understanding 


muscular dystrophy 


K M D Bushb7z 


The isolaticn of the causative genes in the 
muscular dystrephies, and from these the 
identification of the defective protein products, 
is at last giving an insight into the molecular 
basis of these comditions. These advances have 
come about thagh the techniques of reverse 
genetics, or Dositjonal cloning.! All the muscular 
dystrophies have consistently eluded attempts 
to use standarc biochemical techniques to 
identify the umderlying defects in affected 
muscle. Most advances have been made in 
Duchenne and 3ecker muscular dystrophy, for 
which the gene end protein product have been 
known for some time.” ? The gene for myotonic 
dystrophy kas teen isolated very recently,**® 
and linkage anslysis has identified chromo- 
somal localisations for facioscapulohumeral 
dystrophy on dq,’ a form of recessive limb- 
girdle on 1£q,® a form of dominant limb-girdle 
on 5q, and Emergy-Dreifuss muscular dys- 
trophy at Xq28.!? 

The gene invclved in Duchenne and Becker 
muscular dystrophy is the largest yet identified, 
comprising over 2°5 megabases of genomic 
DNA with at least 75 exons and some very large 
introns.” t! This encodes a 14 kilobases mRNA, 
from whica a previously unknown muscle 
protein, dystrcphin, is translated. The pre- 
dicted molecular weight of dystrophin is approxi- 
mately 427 kilccaltons and it comprises about 
0:001% of total muscle protein.? Dystrophin is 
also present in train, where it uses a different 
promotor and exists as a different isoform.'* It 
appears to be localised to neurons.’ A protein 
with significant komology to dystrophin encoded 
by a gene on chromosome 6 has also been 
described. !” 

Study of the s2quence of dystrophin suggests 
the presence ox four district domains.!* The N- 
terminal rezion 2as homology to a-actinin and 
appears to havz a site of interaction with 
F-actin.'!© The second domain is thought to 
contain 24 or 25 triple helical repeats," '® 
which may corf2r elasticity on the molecule. '” 
There follews a sequence relatively rich in 
cysteine residues and a C-terminus domain that 
is highly conserved between species.'? Dystro- 
phin has been shown by electron microscopy to 
be located zt the internal cytoplasmic face of the 
plasma membrane?’ where it is associated with 
integral membrane glycoproteins’! via its C- 
terminus d>mzin. The structure of this glyco- 
protein complex has recently been described 
and it has been shown that dystrophin deficient 
fibres also show a reduction in some components 


of this complex.” ? The structure and func- 
tional characteristics of the glycoprotein complex 
associated with dystrophin suggests that the 
function of dystrophin may be to link the 
sarcolemma membrane skeleton through a 
transmembrane complex to an extracelluar 
glycoprotein which binds laminin.” It has been 
shown that dystrophin deficient fibres are more 
sensitive to hypo-osmotic shock than controls,** 
which supports the theory that dystropkin 
deficiency leads to mechanical weakening of the 
plasma membrane. An influx of calcium Fas 
been observed in dystrophin negative fibres, 
which may, directly or indirectly, stimulete 
protease activity,” and myotubes negative for 
dystrophin have been shown to have abnormal 
calcıum ion channels.*° 

It is now Known that most mutations in the 
dystrophin gene are deletions, which can be 
identified in approximately 65% of patients w_th 
Duchenne muscular dystrophy and up to 85% 
in Becker muscular dystrophy.”” “8 The high 
frequency of deletions and in particular the 
tendency for deletions to cluster in two particular 
regions of the gene has not yet fully been 
explained.”? *° In those families where a patient 
has been shown to have a deletion DNA analysis 
offers a specific diagnostic test and a means of 
reliable and quick prenatal diagnosis. The 
demonstration of DNA abnormalities in patieats 
without deletions is much more difficult in such 
a large gene, and only a handful of such 
mutations (point mutations and mutations in 
the promotor region) have been described.*" 37 
Techniques such as the use of dosage analysis 
for deletion detection in females, based on both 
Southern blotting and polymerase chain react_on 
(PCR) analysis, pulsed field gel electrophorezis, 
and most recently lymphocyte RNA PCR? 
have led to direct carrier detection being possible 
in some cases. However, in many cases carrier 
risk still has to be assessed as a probability 
calculation based on the results of creatine 
kinase testing and intragenic polymorphic 
markers. The high mutation rate in Duchenne 
muscular dystrophy has long been recognised, 
with approximately one third of cases estimated 
to result from a new mutation. The use of 
techniques that can directly detect a mutation in 
a boy and his mother has led to the recognition 
that germline mosaicism exists at a significant 
level in the Duchenne muscular dystrophy 
gene, with the risk of another affected son to a 
mother of an isolated case of Duchenne muscular 
dystrophy being around 20% with the at-risk 
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haplotype even when a deletion has been 
identified in the boy and shown to be somatically 
absent in the mother.” 

Dvystrophin analysis, using antibodies to 
different parts of the dystrophin molecule, can 
be used both on muscle sections and western 
blots in diagnosis. Abnormalities of dystrophin 
seem to be specific to the Xp21 dystrophies, and 
so the finding cf abnormal dystrophin can 
confirm the diagnosis even in the absence of a 
cDNA deletion.” *% The use of a combination 
of genetic and dystrophin analyses to distinguish 
Becker muscular dystrophy accurately from the 
often clinically similar conditions of spinal 
muscular atrophy and limb-girdle muscular 
dystrophy has allowed the prevalence of this 
condition to be reassessed, and it has been 
shown to be much commoner than had pre- 
viously been thought,?” the prevalence being 
similar to that of Duchenne muscular dystrophy 
and the cumulative birth incidence approxi- 
mately one third. Some isolated cases of females 
with limb-girdle muscle weakness have been 
shown by dystrophin analysis to be manifesting 
carriers of dystrophin mutations*® a finding of 
great significance in counselling these women. 
Dystrophin abnormalities do not seem to be so 
easily detectable in female carriers without 
symptoms. ”? 

Studies of the gene and protein abnormalities 
in large numbers of patients are beginning to 
unravel the complexity of the relationship 
between genotype and phenotype in the Xp21 
dystrophies. A range of clinical severity, from 
the classical Duchenne muscular dystrophy 
patients at one end to the relatively mild Becker 
muscular dystrophy patients at the other, with 
patients of ‘intermediate’ severity between, is 
now known to exist as a result of different muta- 
tions in this gene.*° The ability to look directly 
for the molecular defect has also led to the 
recognition that severe muscle cramps may, at 
least for many years, be the only manifestation 
of Xp21 dystrophy.*! Occasional asymptomatic 
cases have been recognised with dystrophin 
gene deletions.** The clinical range of severity is 
now known to be a reflection of a similar range 
of gene and protein defects. Deletions that 
disrupt the reading frame of the gene** (with the 
expected result that no recognisable protein 
could be produced beyond the position of the 
mutation), are often associated with undetectable 
dystrophin, and these patients are generally 
very severely affected. However, dystrophin is 
detected in some patients with out of frame 
deletions, and the size of this dystrophin implies 
that the deletion behaves as uf ‘in frame’, that is 
recognisable dystrophin is produced right 
through to the C-terminus of the protein,“ * 
and the size of the protein is as predicted from 
the loss of the deleted exons. 

Preliminary results suggest that the presence 
in muscle fibres of even a small amount of 
dystrophin may confer some functional advan- 
tage on these boys (LVB Nicholson, personal 
communication). At the other end of the clinical 
spectrum, patients with Becker muscular dys- 
trophy are most commonly found to have 
deletions which do not disrupt the translational 
reading frame of the gene, so that a dystrophin 
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molecule is produced which is internally deleted, 
but with both ends present and intact. Even 
very large deletions, providing they are in frame 
can be associated with a mild phenotype,” but 
it appears that deletions 45-47 and 45—48 of the 
dystrophin gene do tend to be associated with a 
relatively consistently mild clinical course.”* 
Across the range of Xp21 dystrophy, increasing 
abundance of dystrophin does seem to be 
associated with a milder clinical course, but 
there is no one value for abundance which 
reliably predicts a particular phenotype. 

It is likely that alternative splicing 
mechanisms around deletions at the RNA level 
may be more widespread in the dystrophin gene 
than has yet been described,*’ and this may 
account for apparent anomalies in phenotype- 
genotype correlations. Interactions with the 
dystrophin-associated glycoproteins or other 
genes may yet account for some of the un- 
explained variability in the dystrophin gene. 

With an understanding of the molecular basis 
of the Xp21 dystrophies, work on possible 
therapeutic measures can now be more rationally 
planned and assessed. Animal models with 
dystrophin abnormalities have been identi- 
fied.*® °? Myoblast transfer and gene therapy 
using a ‘mini-gene’ construct have both shown 
some promising results in animal work,°° >! and 
dystrophin transcnpts have been identified in 
patients after myoblast transfer,°* but wide- 
spread use of either technique in patients is still 
generally held to be a long way off. 

The mutation responsible for myotonic 
dystrophy has recently been described.** There 
is variable amplification of a trinucleotide (CTG) 
repeat at the 3’ end of a gene, with an increase 
in the number of repeats associated with the 
disease phenotype. The number of repeats 
increases with the transmission of the mutation 
to successive generations. This mechanism 
explains the phenomenon of anticipation seen ın 
families with myotonic dystrophy, where the 
severity of the disease is often seen to increase 
through successive generations. However, as 
amplification of the repeat may occur whether 
the mutation is passed through the male or 
female line, this mechanism is not enough alone 
to explain why congenital myotonic dystrophy 
is almost always maternally inherited. Women 
with myotonic dystrophy have around a 10% 
chance of having a child with congenital myo- 
tonic dystrophy, a risk which increases to 40% 
after the birth of one congenitally affected child, 
and which also rises with the severity of the 
disease in the mother.** 

The gene has homology with genes encoding 
cyclic-AMP-dependent protein kinase, and its 
protein product has been designated myotonin 
protein kinase.” A 3 kilobase transcript is 
expressed at high levels in heart and lower levels 
in skeletal muscle and brain.» 

Linkage analysis ın the other muscular dys- 
trophies should also ultimately lead to the 
identification of the genes and proteins involved, 
and no doubt to new ideas of how normal and 
abnormal genes and proteins interact in muscle. 
In the meantime, the work so far achieved has 
resulted in significant improvements in diagnosis 
and counselling for patients and their families. 
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Abstract 

Ten per cent of patients initially reported with 
Reye’s syndrome in the British Isles (1981-91) 
were subsequently found to have an underlying 
inherited metabolic disorder (IMD). There 
was also evidence to suggest that other cases 
may not have been recognised. The range of 
metabolic disorders that mimic Reye’s syn- 
drome is wide and specialist, often complex, 
investigations are required to make a specific 
diagnosis. Those patients presenting with 
Reye’s syndrome-like illness but also with one 
or more clinical features suggestive of an 
IMD require particular attention and detailed 
investigation. Recommendations for specimen 
collection and investigation are presented. 


Reye’s syndrome is a rare but serious disorder 
principally occurring in childhood, although 
adult cases have been described.' * Essentially it 
is an encephalopathy complicated by hepatic 
dysfunction, although there is increasing meta- 
bolic derangement as the illness progresses. 
Although the precise aetiopathogenesis is 
unknown, it is clear that preceding (prodromal) 
viral infection together with aspirin consumption 
are risk factors for initiating the cascade of 
events that culminates in Reye’s syndrome.’ It 
is also believed that the fundamental site of the 
pathological process is the mitochondrion.* 

It has become increasingly apparent that a 
significant number of patients who present with 
a Reye-like illness have an underlying inherited 
metabolic disorder (IMD).° An infant or child 
with an IMD, particularly one of the disorders 
of fatty acid oxidation, may be completely well 
for months or years until a stressful event (for 
example prolonged fasting, infection) triggers a 
metabolic crisis which can present as a Reye- 
like illness; sodium valproate treatment has also 
been associated with precipitation of the illness.° 
It is, therefore, essential that these patients are 
appropriately investigated, because there are 
implications both for management of the index 
case and for genetic counselling. For some 
IMDs prenatal diagnosis in future pregnancies 
and/or diagnosis in the neonatal period are 
available. Failure to investigate may be an 
important cause of misdiagnosis, especially in 
children under 3 years of age.’ 

We present our recommendations on which 
patients presenting with a Reye-like illness 
should be investigated for an IMD and on how 
to investigate. 


Classical Reye’s syndrome—clinical presenta- 
tion and definition 

The ‘classical’ clinical picture of Reye’s syn- 
drome is as follows: a previously healthy child, 
aged about 7-9 years, acquires a viral infection, 
typically of the upper respiratory tract (especially 
influenza) or chickenpox. A few days elapse, 
and there may even be some recovery, but then 
the child becomes unwell with frequent, effort- 
less, profuse vomiting. The conscious level may 
deteriorate and range from lethargy or drowsi- 
ness, through hyperexcitahili:y and combative- 
ness to deepening coma, often with convulsions. 


On admission, investigations will reveal 
increased hepatic transaminase (always), 
increased plasma ammonia concentration 


(usually), hypoglycaemia (in many cases, but 
not invariably), a prolonged prothrombin time 
(usually), normal plasma bilirubin concentra- 
tion, and normal cerebrospinal fluid. There will 
be evidence of raised intracranial pressure and a 
liver biopsy specimen will reveal panlobular 
microvesicular fatty infiltration of hepatocytes 
with retention of nuclear position and no 
necrosis or inflammatory changes. 

Electron microscopy of liver tissue will reveal 
ultrastructural changes, which are thought to be 
the only specific diagnostic markers of Reye’s 
syndrome: proliferation of smooth endoplasmic 
reticulum, loss of glycogen, proliferation of 
peroxisomes and an alteration of hepatocyte 
mitochondria, including matrix expansion, loss 
of dense granules and the development of 
pleomorphic shapes. With progression to coma, 
these changes are accentuated. A population of 
clear cells appears, in which glycogen is dimin- 
ished in granule size and in some cells is 
completely depleted. Mitochondria become 
large, with a progressively disrupted matrix. In 
children who survive 4-5 days after admission 
to hospital the liver injury appears to resolve, 
with restoration of glycogen stores and return of 
mitochondria to a normal appearance. Skeletal 
muscle shows abnormal lipid accumulation, 
glycogen depletion and mitochondrial injury in 
certain fibre types, but not all.* 

The above description of a typical case 
embodies a range of both clinical and patho- 
logical features, the establishment of some of 
which, especially by electron microscopy, is 
constrained by the availability of technical 
resources and expertise within individual 
hospitals. For epidemiological surveillance 
purposes the case definition of Reye’s syndrome 
has to be practical and simple and this inevitably 
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Table I Reye’s syndrome in 


compromises specificity for the sake of sensiti- 
vity. The definitions for Reye’s syndrome used 
by the national surveillance schemes in the USA 
and in the British Isles are similar and the 
British one is as follows. A child under 16 years 
with unexplained non-inflammatory encephalo- 
pathy and one or more of: 

(a) Serum hepatic transaminase increased 
= X 3 upper limit of normal 

(b) Plasma ammonia concentration increased 
=> X 3 upper hmit of normal 

(c) Characteristic fatty infiltration of liver 
(biopsy or necropsy). 


Surveillance of Reye’s syndrome 

The British Reye’s Syndrome Surveillance 
Scheme (BRSSS) began its activities in August 
1981 and has now been maintaining a ‘watching 
brief over the occurrence of Reye’s syndrome 
in the British ksles for just over 10 years.* It was 
a joint venture of the British Paediatric Associa- 
tion and the Public Health Laboratory Service 
Communicable Disease Surveillance Centre. 
The initial ‘passive’ method of reporting was 
enhanced in mid-1986 by transferring to the 
‘active’ system of the British Paediatric Sur- 
veillance Unit (BPSU).* Cases who die are also 
ascertained via arrangements with the appro- 
priate offices responsible for each of the consti- 
tuent countries of the UK and the Republic of 
Ireland (British Isles): copies of all death entries 
in children under 16 years where Reye’s syn- 
drome is mentioned as a cause are supplied in 
confidence to the surveillance scheme. 

Cases conforming to the criteria shown above 
are reported mainly by paediatricians, who are 
then invited to complete a questionnaire collect- 
ing detailed epidemiological and clinical 
information, or to send copies of summaries 
and/or necropsy reports. Clinicians are asked to 
inform the scheme if there is subsequently a 
diagnostic revision; information on such a 
revision is also actively sought by the scheme if 
there is concern about the validity of the 
diagnosis based on the initial information pro- 
vided. Furthermore, general practitioners are 
contacted 6-12 months later to determine both 
outcome and whether the diagnosis has been 
changed. 

Table 1 shows the annual total numbers of 
reports from 1981/2 to 1990/1; it also shows the 


the British Isles. Cases with follow up reported between 


I August 198] and 3] July 199] 








12 month penod Total reports Classified as Revised 
(August—F uly) British Isles Reye's diagnosts (%) 

syndrome” 

No Ratef 
1981/2 47 40 0:31 ? (15) 
1982/3 69 59 0:46 10 (14) 
1983/4 93 g&l 0:63 12 (13) 
1984/5 64 56 0-41 8 (13) 
1985/6 53 40 0:31 13 (25) 
1986/7 47 26 0:20 21 (45) 
1987/8 44 32 0:25 12 (27) 
1988/9 31 18 0-14 12 (39) 
1989/90 24t 15 0:12 8 (33) 
1990/1 25 13 0-11 12 (46) 
Total 497 380 11S 





‘Satisfied diagnostic criteria, diagnosis not revised. 


+Per 100 000 <16 years of age. 


tDetailec information not available for one case. 
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numbers of patients who were subsequently 
ascertained as having had a diagnostic revision. 
After a peak of 93 total reports in 1983/4 there 
was a decline to a total of 25 in 1990/1, of whom 
12 were subsequently reclassified. 


Inherited metabolic disorders 

The largest category of ‘revised diagnoses’ was 
IMDs—they accounted for over 40% of these 
cases (10% of total Reye’s syndrome reports) 
and are detailed in table 2. This table also shows 
that three quarters of these were diagnosed in 
the most recent six years of the surveillance 
scheme. The commonest IMD identified was 
medium chain acyl coA dehydrogenase defi- 
ciency (MCAD). Organic acid disorders and 
urea cycle disorders were also significant 
groups. 

There were nine patients in whom a metabolic 
disorder was strongly suspected (on clinical and 
biochemical grounds), but a definitive diag- 
nosis was not reached. Of these nine, two had 
died and no investigations for an IMD had been 
undertaken but the diagnosis was suspected 
because of a history of a Reye-like illness in a 
sibling who had died. In one case there had 
been previous episodes of a Reye-like illness. 
Two patients died suddenly and unexpectedly 
in infancy and the diagnosis was suspected 
because of a fatty liver on histological examina- 
tion, although material was not examined for an 
IMD. Three patients were undergoing detailed 
investigation because of clinical suspicion of an 
IMD: in two the results were not available at the 
time of reporting, whereas in the third the 
findings were not diagnostic of any known 
defect, although a disorder of f} oxidation was 
suspected. There was no detailed information 
on the remaining case. 

Among the six patients in table 2 with a sus- 
pected organic acid disorder, no detailed infor- 
mation beyond the initial abnormal findings in 
blood or urine which led the clinician to revise 
the diagnosis of Reye’s syndrome, was available 
at the time of reporting. 

The group ‘classified as Reye’s syndrome’ 
(table 1) are those who are not known to have hada 
revision, although it is likely that they included 


Table 2 Revised diagnoses (Reye-like illnesses) 
1981/2-1990/1 (1 August-31 July)’ 





Total 





1985/6- 
1990/1 


1981/2- 
1990/1 








Fatty acid oxidation defects (mainly 20 17 
MCAD) 

Organic acid disorders 

Propionic acidaemia 

Ornithine transcarbamylase deficiency 

Primary carnitine deficiency 

Glutaric aciduria type H 

Glycerol kinase deficiency 

a-Antitrypsin deficiency 

Fructose-1, 6-diphosphatase deficiency 

Methylmalonic acidaemia 

Pyruvate dehydrogenase deficiency 

Ethylmalonic adipic aciduria 

Inherited metabolic disorder (NS)t 


O me ses eee ND 


50 37 


slao l a a a 
Inherited metabolic disorders were the single biggest group 

(50/115=43%). ae 

+NS=not specified—that is, strongly suspected clinically, but no 

definitive diagnosis. 
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some IMD cases—either because a late revision 
was not ascertained or because such a diagnosis 
was not sought by the clinician. 

It is of concern that, although all the ‘revised’ 
and ‘non-revised’ patients met the basic case 
definition for Reye’s syndrome, the opportunity 
to be reclassified was somewhat ‘hit and miss’, 
depending at least partly on diagnostic awareness 
and probably, in some cases, on availability of 
resources and access to expertise in diagnosing 
IMDs. Many in the ‘non-revised’ group were 
very young infants with atypical Reye’s syn- 
drome (for example no clear prodrome, minimal 
or no vomiting, very sudden onset) and some 
even had suggestive past medical or family 
histories (see table 3). There was another group 
who died suddenly and in whom the diagnostic 
label of Reye’s syndrome was applied by the 
pathologist on the basis usually of liver histo- 
logy but occasionally only on the macroscopic 
appearance of the liver. Sometimes the histo- 
logy reports in these patients were not typical of 
Reye’s syndrome (for example inflammatory 
changes or necrosis present, fat globules macro- 
vesicular or eccentrically dispersed). 

The BRSSS findings have highlighted the 
overlap between ‘true’ Reye’s syndrome (the 
type of classical case described above and which 
is now only rarely occurring) and the ‘metabolic 
masquerader’. They also suggest that there may 
be serious under diagnosis of these IMD among 
children presenting with Reye-like illnesses. 


Investigation of children with Reye-like illness 
for IMDs 

Although as yet no specific underlying metabolic 
abnormality has been identified in classical 
Reye’s syndrome, the number of IMDs which 
could present with a Reye-like illness is large. It 
includes the disorders of organic acid meta- 
bolism, including fatty acid oxidation, and 
those of urea cycle, amino acid, and carbo- 
hydrate metabolism. There may be other 
disorders, for example defects of the electron 
transport chain which so far have not yet been 
reported to cause an Reye’s syndrome-like 
illness. Many of these metabolic disorders 
mimic Reye’s syndrome, not only clinically and 
biochemically, but also histologically. 

For diagnosis of an IMD it is essential that 
appropriate specimens, especially urine and 
blood, are taken at the right time particularly if 
the infant/child 1s likely to die and that the case 
is discussed with the local clinical chemist. 
Without these important fluids, ideally collected 
premortem, tissue specimens taken at necropsy 
may be useless and a diagnosis may be missed. 


Table 3 Features suggestive of an IMD in a child 
presenting with a Reye-like illness 


The presence of at least one of the following should stimulate 
detailed and careful discussion of investigation for an IMD: 
(1) Young age (<3 years) at onset of Reye-like illness 
(2) Past history of: encephalopathic episodes; vomiting in 
association with viral infections; unexplained failure to 
thrive; neurodevelopmental disorder; ‘near-miss’ sudden 
infant death syndrome (SIDS) 

(3) Family (both immediate and extended) history of: ‘Reye’s 
syndrome’; unexplained encephalopathy; SIDS 

(4) Absence of history of a viral prodrome clearly separated 
from the onset of encephalopathy 
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WHO TO INVESTIGATE 

The possibility of an IMD should be considered 
in all patients who present with a Reye-like 
illness. The presence of certain features (table 3) 
are particularly suggestive of an IMD and such 
cases demand careful investigation. Detailed 
discussions with a specialist centre providing 
investigations for metabolic disorders will be 
necessary. 


Relevant history 
Information which is particularly relevant to the 
investigation for an IMD includes: 

(1) Family history—If previous siblings have 
died or had similar illnesses, what investigations 
were undertaken and with what results? 

(2) Previous medical history—(i) Has this child 
been investigated for an IMD previously (for 
example because of a pre-existing neuro- 
developmental problem)? If so, with what 
results? (ii) was the child receiving any drugs, 
particularly sodium valproate, before presenta- 
tion with Reye’s syndrome? (iii) has the child 
had any previous episodes of illness that were 
unexplained, for example hypoglycaemia, fits? 


Current illness 

Was the Reye’s syndrome presentation pre- 
cipitated by any change in diet/prolonged fasting 
or other stress associated event? 


HOW TO INVESTIGATE 

Patients with a Reye-like illness in whom a 
metabolic disorder is suspected are likely to 
have been investigated with a variety of first line 
biochemical tests. In addition to liver enzymes 
(aspartate aminotransferase or alanine amine- 
transferase, alkaline phosphatase, and 7- 
glutamyltransferase) these should have included: 
blood glucose, acid-base status, urinary ketones, 
plasma ammonia, blood lactate (if there is an 
unexplained metabolic acidosis). 

Results of these investigations provide impor- 
tant clues to a possible metabolic disorder. 
Severe and/or unresolving metabolic acidosis, 
hypoglycaemia, hyperammonaemia, and lactic 
acidosis are all features of IMD, although not 
specific. At this stage the clinical chemistry 
laboratory should be asked to store deep frozen 
any surplus plasma or urine already collected 
and note the date and time of all specimens 
collected. 

In all cases where one or more of the 
supporting features for investigation for an 
IMD (table 3) are present, specimens should be 
collected for additional investigations. If suitable 
specimens are not already available, further 
specimens should be collected as soon as possible 
after the onset of the illness (ideally blood 
should be taken before any intravenous infusions, 
epescially glucose, are given). 

The investigations required are detailed 
below; results are required urgently as certain 
IMD diagnoses may indicate specific treatment 
regimens/courses of action. If the child is likely 
to die before definitive results from the blood or 
urine tests are available it is necessary to 
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perform more rigorous sampling—either 
premortem or as soon as possible after death 
(table 4). 


Initial specimens required 
Initial specimens should if possible be collected 
before any intravenous treatment. 

(1) Urine: ideally 5 ml but less is useful; this 
should be stored frozen (—20°C) as soon as 
possible (no preservative required). 

(2) Blood: ideally 5 ml but minimum of | ml 
is useful if more cannot be obtained—place 1 
ml into a fluoride bottle and the remainder into 
a heparinised bottle. Store both plasma speci- 
mens frozen (— 20°C) and store packed red cells 
from the heparinised specimen deep frozen. 


Green, Hall 


Investigations required 

Investigations should be comprehensive to 
include all IMDs which could present in this 
way (table 5). Initial investigations should 
include: 

(1) Urine: amino acids (qualitative) and 
organic acids by gas chromatography/mass 
spectrometry (essential to refer to a specialist 
centre). 

(2) Plasma: amino acids (initially qualitative 
with quantitation if indicated). 

In addition if there is hypoglycaemia a plasma 
sample (collected in fluoride) should be taken 
for 3-hydroxy butyrate, free fatty acids, and 
lactate. If there is a metabolic acidosis a plasma 
sample (collected in fluoride, table 4) should be 
taken for lactate. 


Table 4 Emergency sampling requirements for biochemical analyses. If any of the specimens are taken after death, it is 
extremely important to record accurately both the time of death and when specimens were taken. A Ppropniate storage as detailed 


below is essential 





Specimen type Specimen requirements Storage Comments 
Urine 5-10 ml; but less is useful. If the Store at —20° C If no urine is available consider 


sample is contaminated with 
blood, centrifuge to remove cells 
before storage 


bladder stab 


Blood Store plasma at —20°C Cardiac puncture may be necessary 
plasma 5 ml in lithium heparin and 1:0 ml in 
fluoride. Separate plasma as soon 
as possible 
whole blood 5 mi in EDTA (1-2 ml is useful) Store as whole blood at —20°C 


Skin 


(Plastic tube for DNA studies) 
Sterility is of paramount importance. 

About 2 mm cube (for detailed 

procedure, see Green and Insley.” 


If necessary store at +4°C before 
despatch to laboratory: Do not 
freeze 


Skin taken up to 24 hours 
postmortem is likely to be viable 
provided it is not infected 


Place in suitable transport 
medium (available from most 
virology or cytogenetic 
departments). In an emergency 
sterile isotonic saline can be used: 
Do not use agar 
Tissues (liver, Two or three needle biopsy specimens Store frozen as cold as possible, Note: these specimens are for 


heart should be taken and immediately preferably in liquid nitrogen or biochemical analyses only— 
muscle, placed in a plastic tube (suitable -70°C appropriate fixed samples will be 
skeletal for cryopreservation) and snap required for histology 

muscle) frozen in liquid nitrogen or solid 


carbon dioxide 
Cerebrospinal ! ml clear fluid. If specimen is Store frozen (— 20°C) Cerebrospinal fluid useful for 
fluid bloodstained, centrifuge and store diagnosis of certain disorders— 
supernatant discuss with specialist laboratory 





Table S Inherited disorders that may present as a Reye-like syndrome. (Note: This is not an exclusive list but includes those 
disorders that it is known may present as Reye’s syndrome) 








Disorders Supporting biochemical marker(s ) Diagnostic test(s) 
(A) Organic acid disorders: 
Propionic acidaemia Metabolic acidosis Urinary organic acids 


Abnormal urine amino acids especially Fibroblast or ussue enzymes 
increased glycine. 

Profound ketonuria 

Note: significant hyperammonaemia 
and lactic acidosis can occur in these 


Methylmalonic acidaemia 


disorders 
(B) Fatty acid oxidation disorders Hypoglycaemia Fibroblast or tissue enzymes 
(including disorders of carnitine Absence of urinary ketones’ DNA studies 
transport) Abnormal urinary organic acidst (for 


example dicarboxylic acids) 

Plasma carnitine abnormal ( f or | ) 

Plasma free fatty acid: 3-hydroxy- 
butyrate ratio 

Notes: * positive ketones do not exclude 
these disorders; tcan be normal 


(C) Urea cycle disorders: l 
Ornithine transcarbamylase Respiratory alkalosis,” Liver OTC 
deficiency (OTC) Hyperammonaemia + + + DNA studies 


Abnormal urine and plasma amino 
acids—especially increased glutamine 
and alanine 

Increased urinary orotic acid 

Note: *a metabolic acidosis does not 
exclude this disorder 


1 D) Disorders of pyruvate metabolism Hypoglycaemia Tissue (liver/muscle) enzymes of 
Lactic acid increased (urine, plasma, pyruvate metabolism and electron 
cerebrospinal fluid) transport chain 
Abnormal plasma and urinary amino DNA studies 
acids—especially increased alanine 
(E) Carbohydrate disorders: 
Fructose—1, 6—diphosphatase Metabolic acidosis Liver fructose—1 , 6-diphosphatase 
deficiency Hypoglycaemia deficiency 


Lactic acidosis 
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Additional tests may be required depending 
on results of the above investigations and 
therefore suitable samples, either as part of the 
initial specimen or as a repeat specimen, are 
required to be stored for this purpose. These 
include: plasma carnitine—1l ml heparinised 
plasma (total and esterified) stored deep frozen, 
urinary orotic acid—2 ml urine, stored deep 
frozen, and DNA analysis for MCAD defect 
—2 ml whole blood collected in EDTA and 
stored deep frozen. 


INTERPRETATION 

Investigation for IMDs requires considerable 
skill and expertise. In particular the definitive 
diagnosis of organic acid disorders can be very 
difficult even by those with considerable experi- 
ence. It is unlikely that sufficient expertise is 
available at district level and reference to a 
regional/supraregional specialist centre is 
essential. * 

Definitive diagnosis for many of these dis- 
orders requires enzyme measurement (usually 
in cultured skin fibroblasts/liver) or, more 
rarely, DNA analysis. This is particularly 
important for those families who would like the 
opportunity of prenatal diagnosis for subsequent 
pregnancies. For this reason it is essential to 
take appropriate tissue from the infant/child 
(table 4). 


Discussion 

The annual incidence of Reye’s syndrome in the 
British Isles changed between 1981 and 1991 
(table 1). The cause of this was probably 
multifactorial: the interval between 1981/2 and 
1985/6 included the ‘start-up’ period of the 
surveillance scheme, when diagnostic and 
reporting awareness may initially have been 
low. The reason for the 1983/4 peak is 
unknown—it was not associated with any signifi- 
cant influenza activity that winter. 

The steady decline in total reports from 
1985/6 onward was almost certainly due, at least 
in part, to the public and professional warnings 
about aspirin in June 1986, followed by with- 
drawal of paediatric aspirin formulations and 
warning labelling on all aspirin containing 
products.’ The decline particularly involved the 
classic cases of Reye’s syndrome, an observation 
associated with a near halving of the median age 
of cases reported after 1986 compared to the 
earlier years. 


“Holton JB. UK directory of laboratories diagnosing inborn errors of 


metabolism. 4th Ed, 1991. (Obtainable from Dr Holton, 
Biochemistry Department, Southmead Hospital, Westbury on 
Trym, Bristol BS10 SNB). 
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Another possible cause of the decline in 
reported Reye’s syndrome, particularly in recent 
years, was increased diagnostic awareness of the 
IMDs that mimic it and their recognition before 
the cases were reported. 

It is likely that IMDs currently poorly defined 
or possibly new disorders will be described as 
causes of a Reye-like illness in the future. The 
importance of storing patient material (that is 
urine, plasma, whole blood, and tissues) from 
deceased cases who are strongly suspected of 
having an IMD, but in whom a definitive 
diagnosis has not be made, cannot be over 
emphasised. 

The BRSSS data show that just under half 
(44%) of the patients who presented with a 
Reye-like illness between 1987 and 1991 were 
managed solely at their local district hospital 
and therefore there is a need for the general 
paediatrician and the local clinical chemist to be 
aware of the need for these specialist investiga- 
tions, and to ensure appropriate specimen 
collection and storage. There is also a need for 
increased diagnostic awareness among patho- 
logists—particularly those conducting post- 
mortem examinations on patients with sudden 
unexpected death in infancy. Dialogue with a 
specialist centre for the investigation of meta- 
bolic disorders is of paramount importance in 
all suspected cases. 

Reye’s syndrome is rare but undoubtedly 
cases of metabolic disorders are being under 
diagnosed as a consequence of inappropriate or 
inadequate investigation. The possibility of an 
IMD should be considered in all patients who 
present with a Reye-like illness, but particularly 
those who are of young age and/or have a 
positive past/family history. 


Thanks are due to all BPSU respondents on whose goodwill the 
success of the reporting scheme depends, especially to those who 
reported patients with Reye’s syndrome and provided detailed 
follow up information. The unit is funded by a grant from the 
Medical Research Fund of Children Nationwide. We also thank 
Lisa Newton for meticulous project administration. 
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LETTER TO 
THE EDITOR 





Relationship between urmary and serum 
growth hormone and pubertal status 


Się, —We read with interest the paper by 
Crowne et al on the relationship between 
serum and urinary growth hormone concen- 
trations during puberty.’ As the authors 
pointed out we carried out very similar studies 
and came to very different conclusions. In our 
early studies of 24 normal children of both 
sexes over the full range of puberty stages we 
found very good correlation (r=0°79, p<0:001) 
between urinary growth hormone excretion and 
overnight mean plasma growth hormone 
concentration.” We have recently extended 
these studies comparing diabetic and norma! 
adolescents and found the same correlation in 
both patient groups (r=0°70, p<0-001).° 

Crowne et al suggest that the discrepancy 
between their study and ours could be 
explained by the fact that we studied mostly 
children in early puberty. In fact the pre- 
dominance was in late (Tanner stages 3-5, 
n=15) rather than early puberty (stages 1-2, 
n=9). We have reanalysed our most recent 
results and still observe the same good correla- 
tion between urinary and plasma growth 
hormone in late (r=0°69, n=17) and early 
(r=0°71, n=19) puberty in both sexes. 

The methodology for measurement of both 
urmary and plasma growth hormone concen- 
trations was very similar in our studies and 
that of Crowne et al, and we believe that the 
important differences between the two studies 
are the collection methods and the way the 
urmary growth hormone data are presented. 
In the majority of their subjects Crowne et a/ 
used a 24 hour collection period with a 20 
minute sampling interval for the serum profiles, 
whereas we used overnight collection with 15 
minute blood sampling. The relationship 
between urinary growth hormone excretion 
and plasma growth hormone concentrations 
may not be constant throughout the 24 hours. 

Mere importantly perhaps, Crowne et al 
reported urinary growth hormone excretion in 
relation to urinary creatinine excretion. 
Whereas this convention may be useful for 
checking the completeness of overnight urine 
collections, in this particular case it can be 
very misleading. We have examined overnight 
urine samples from 151 normal adolescents at 
different stages of puberty, and demonstrated 
that the urinary excretion of creatinine 
increases during puberty (see table). If urinary 


Mean (SEM) overnight urinary creatinine excre- 
tion (mmol/hour) in 151 normal adolescents. 
Figures in squared brackets mdicate numbers of 
subjects at each puberty stage 








Puberty Boys Girls Combined 

siage 

l 0:21 (002)  0-22<0:-03) 0:21 (0:02) 
[30] [7] [37] 

2 0-28 (0-02) 0:23(0°03) 0:27 (0:02) 
[25] [8] [33] 

3 0:34 (0-03)  0:42(0°09) 0:39 (0-05) 
[14] [23] [37] 

4 0:37 (0-06) 0°45(0°05) 0:39 (0:04) 
[8] [23] [31] 

5 — 0:4%x0:04) 0:49 (0-04) 


[13] [13] 
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growth hormone excretion rates are expressed 
as a ratio of creatinine excretion therefore, it 
will be difficult to discern any increase of 
excretion of growth hormone during puberty, 
and any correlation which exists with plasma 
growth hormone concentrations will be lost. If 
a small group were studied over a limited 
range of puberty stages, this change in 
creatinine excretion would not be so significant, 
and indeed Crowne et a/ did present some data 
to support this position. In the subgroups of 
prepubertal children and in the group of six 
boys in early puberty, significant correlations 
were seen between urinary growth hormone 
excretion related to creatinine and mean 
serum growth hormone concentrations 
(r=0°82 and r=0:74 respectively). 

We believe that a note of caution should be 
added to the use of urinary creatinine ratios 
during puberty, and suggest that urinary 
growth hormone excretion should be expressed 
as a timed excretion rate without reference to 
creatinine. In our experience this does reflect 
overnight mean plasma growth hormone con- 
centrations with some accuracy during normal 
puberty. 


J A EDGE 

P HOURD 

F CAMPBELL 

R EDWARDS 

D B DUNGER 
Department of Paediatrics, 
John Radcliffe Hospital, 
Oxford OX3 9DU and 
North East Thames Regional 
Immunoassay Unit, 

St Bartholomew's Hospital, 
London 


1 Crowne, EC, Wallace WHB, Shalet SM, Addison 
GM, Price DA. Relationship between urinary 
and serum growth hormone and pubertal status. 
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2 Edge JA, Hourd P, Dunger DB, Edwards R. 
Urinary growth hormone during puberty in 
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(Oxf) 1989;30:413-20. 

3 Hourd P, Edge JA, Dunger DB, Dalton N, 
Edwards R. Urinary growth hormone excretion 
during puberty in type I (insulin-dependent) 
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Drs Crowne and Shalet comment: 

We read the above letter with interest and 
thank the authors for their comments. In reply, 
although we reported our results as growth 
hormone: creatinine ratios, in line with other 
recent publications, we did also look at the 
correlation between total urinary growth 
hormone (uGH) excretion (pg/ml) and mean 
serum growth hormone. There was still no 
significant correlation between these para- 
meters in the pubertal children, either in the 
total group (n=22) r=—0°26, p=0°24; group 
1 (postcranial irradiation, n=14) r=—0-02, 
p=1:0; or group 2 (nermals, n=8) r=—0°4, 
p=0°22. 

Therefore the use of growth hormone: 
creatinine ratios cannot explain the different 
findings of the two studies. We feel that the 
inherent variability in uGH excretion in 
puberty as a result of changes in both growth 
hormone secretion and renal function must 
affect these correlations. The use of tightly 
defined subgroups of children in different 
pubertal stages may improve correlations 
between uGH and serum growth hormone but 
has implications for the establishment of 
normal ranges in pubertal children and there- 
fore the use of uGH measurement in pubertal 
children with growth problems. 


Neonatal BCG immunisation 


S1R,—The annotation by Clarke and Rudd 
was a very helpful review of neonatal BCG 
immunisation.’ However the technical diffi- 
culty of intradermal injections in newborn 
infants was not mentioned, although poor 
technique is likely to result in inadequate 
immunisation or avoidable local side effects. 

The percutaneous multiple puncture 
technique, described over 30 years ago? 
appears to be both safe and effective.* The 
multiple puncture technique requires a more 
concentrated vaccine, suspended in dextran, 
and an adapted Heaf gun with a 20 G needle 
head. Any risk of the transmission of infection 
can be eliminated by the use of disposable 
magnetic heads for the Heaf gun. 


D B CUNDALL 
Belmont House, 
Belmont Grove, 

Leeds LS2 9NP 


S B PEARSON 
Leeds Chest Clinic, 
74 New Bniggate, 
Leeds LSI 6PH 


1 Clarke A, Rudd P. Neonatal BCG immunisation. 
Arch Dis Child 1992;67:473-4. 

2 Lorber J. Freeze dried BCG vaccination of 
newborn infants by the multiple puncture 
method. Tubercle 1959;40:21-S. 

3 Cundall DB, Ashelford DJ, Pearson SB. BCG 
immunisation of infants by percutaneous 
multiple puncture. BMF 1988;297:1173-4. 


Malnutrition in children with cancer 


S1R,—In their report of energy intake and basal 
metabolic rate in children with malignant 
disease receiving maintenance chemotherapy, 
Bond et al' refer to our work exploring the 
incidence of malnutrition in children with 
cancer.” They state that we found nutritional 
status to be generally adequate at diagnosis 
but to deteriorate as a result of treatment. In 
fact we found that nutritional status was 
frequently inadequate at diagnosis. This find- 
ing directly contrasts with nearly all other 
studies.* * Our study of 48 newly diagnosed 
children with malignant solid tumours showed 
a marked discrepancy in the incidence of 
malnutrition assessed by conventional means 
when compared with arm anthropometry. 
Using conventional indices of weight for 
height, and height for age (as used by Bond et 
al themselves) only 7% of our patients were 
assessed as being malnourished at diagnosis. 
However, using arm anthropometry (mid 
upper arm circumference and triceps skinfold 
thickness) 27% of our patients were identified 
as malnourished. These conclusions were 
confirmed in a larger series of 100 newly 
diagnosed patients from our own instituuon 
that included children with leukaemia.” 
Attempts to assess energy intake at diagnosis 
suggested that a large number of patients 
(44%) were consuming considerably less energy 
both than the recommended daily allowance 
for their age, and estimates of their own 
previous ‘normal’ intakes. Children with 
intra-abdominal solid tumours were more 
likely to be malnourished at diagnosis (35%) 
than those with leukaemia (15%) or extra- 
abdominal solid tumours (7%). It is evident 
that the presence of a large tumour load in a 
young child (with or without ascites or pleural 
effusion) could have a significant influence on 
weight and weight for height, making this an 
unreliable index of nutritional status at 
diagnosis. 
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without the nausea and vomiting caused 
by therapy. Zofran, the 5-HT, receptor 
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We agree that treatment itself is likely to be 
an important factor in subsequent nutritional 
progress and in our study the prevalence of 
malnutrition, identified by arm anthropo- 
metry, rose to 46% over a median follow up 
period of 7:5 months.” 

We conclude therefore that malnutrition in 
children with cancer is more common than 
generally recognised, particularly so at 
diagnosis, and that impaired energy intake is a 
factor in its causation. Further studies such as 
those by Bond and coworkers are required to 
explore the suggestion that changes in energy 
utilisation are also important, either at diagno- 
sis or during treatment. Clinicians however 
must be aware of the greater incidence of 
malnutrition in these children and initiate 
appropriate strategies for nutritional support.° 


MCG STEVENS 

IW BOOTH 

The Children’s Hospital, 
Ladywood Middleway, 
Ladywood, 

Birmingham B16 8ET 


DESMITH 

Department of Paediatrics, 
Harrogate General Hospital, 
Harrogate, 

North Yorkshire HG2 7ND 
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Rehabilitation and outcome after severe 
head injury 


S1R,—The recent paper by Scott-Jupp et al is 
an important contribution to the subject of 
rehabilitation of head injured children.' It 
correctly highlights the inadequacy of present 
services including support and training for 
teachers who provide long term educational 
services. 

We studied 220 children of whom half were 
followed up for three years after injury.” We 
found a substantial cognitive improvement 
between one and three years, a time when 
rehabilitation programmes have often ceased. 
Reporting on cognitive and behavioural 
problems at six months after severe injury 
must include many still in the early stages of 
recovery and before these cognitive gains have 
occurred. 

In our study the relationship between 
length of coma and outcome is clear. Of 109 
patients still comatose on transfer to 
rehabilitation (median 62 days) 48 remained 
completely dependent for all activities of daily 
living, against only one with partial dependency 
of 111 admitted conscious. The outcome in 
patients still comatose at three months and six 
months after injury was also found to be quite 
different. 


Of interest is the fact that 87 (35%) of our 
children had a history of learning disorder or 
had shown attention deficit, impulsiveness, or 
emotional behavioural problems before injury. 
This would support the authors’ impression 
that many of their children did have pre- 
existing problems placing them at increased 
risk for injury. 

The data from Scott-Jupp et alis interesting, ' 
but only a small number of children were 
followed up for a substantial time and the 
results must be interpreted with caution. 


MARY G BOYER 
Birmingham Accident Hospital, 
Bath Row, 

Birmingham BIS INA 
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Paediatrics in the accident and emergency 
department 


S1R,—I read the article by Phillips and 
Robson with interest.'! The writers say that 
the Specialty Advisory Committee requires 
only three months paediatric experience before 
accreditation as a consultant. In 1974 when a 
working party was set up to discuss the training 
programmes for consultants in charge of 
emergency departments and the possibility of 
planning a programme for senior registrars, 
paediatrics was listed as being ‘a minor 
specialty’ and it was with the greatest difficulty 
that I managed to persuade other members of 
the working party that it was so important that 
a specific requirement of time should be 
included. 

I agree that three months is not enough but 
I can assure you that to achieve even that was a 
considerable victory. 

I have felt for a long time that community 
paediatricians could play a most useful part in 
accident and emergency departments where 
children are seen but which are not part of a 
children’s hospital. Appointments that are 
linked between the hospitals and the com- 
munity are valuable at junior levels and can be 
even more so at senior ones. 

A properly run paediatric accident and 
emergency department can save money for a 
hospital by reducing the numbers of children 
who are admitted. This can apply with many 
types of problems. One example among many, 
in Sheffield, is that of the about 200 children 
who are seen each year with acutely painful 
hips, the majority are dealt with without 
admission. 

Many x ray films, drugs, and unnecessary 
investigations can be avoided with benefit 
both to the child and to the finances of the 
hospital. A lot of problems, medical, surgical 
and social, can be recognised at an early stage 
and treated. 

More children are brought to accident and 
emergency departments than to all outpatient 
departments put together—they deserve a 
service that is appropriate to their needs and to 
the needs of their parents. 


CYNTHIA ILLINGWORTH 
8 Harley Road, 
Sheffield S11 9SD 


l Phillips BM, Robson WJ. Paediatrics in the 
accident and emergency department. Arch Dis 
Child 1992;67:560-4. 
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Intravenous volume replacement: which 
fluid and why? 


S1R,—Lucinda Huskisson has done well in her 
outline of the continuing debate on which fluid 
to use during resuscitation.’ Doctors involved 
in the resuscitation of major trauma are now 
increasingly using the methodology of 
Advanced Trauma Life Support.’ This con- 
centrates on the first hour after trauma—the 
‘golden hour’—and presents a standardised 
approach to the management of trauma. With 
regard to fluid replacement, Hartmann’s solu- 
tion and blood are the only two fluids advocated. 
In the child a regimen of three challenges of 20 
ml of Hartmann’s solution per kg is advised 
followed by 10 ml per kg of blood if the 
patient is still unstable. Continuing instability 
as judged by cardiac status, conscious level, 
skin perfusion, and urine output should 
prompt definitive operative care. Paediatricians 
who find themselves involved in resuscitation 
in the accident and emergency department 
should be aware of this protocol as it serves to 
keep arguments over crystalloids and colloids 
out of the resuscitation room—as Dr Huskisson 
demonstrates by her 57 references that debate 
takes longer than a golden hour. 


TOM LLEWELLYN 

Accident and Emergency Department, 
East Birmingham Hospual, 
Bordesley Green East, 

Birmingham B9 SST 
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Sister journals 


SIR,—David Mellor was undoubtedly right to 
criticise the English translations of the ttles 
and abstracts of articles published in Archives 
Françaises de Pédiatrie.'! Some of them were 
certainly inaccurate and/or clumsy. We have 
taken his comments to heart and retained a 
biomedical translator. Let us hope that he will 
soon have no cause for such comments. 

Dr Mellor cannot understand why there are 
many fewer original articles and clinical reports 
in Archives Françaises de Pédiatrie than in 
Archives of Disease in Childhood. There are 
two very simple explanations. First, French 
paediatricians publish their best work in 
English language, mainly American, journals. 
Curiously, the dominance of English in the 
scientific world has led clinicians and 
researchers wanting to be sure that their work 
is known to publish in English. This is 
exacerbated by the tendency of granting 
bodies in France to give a priority to such 
publications. 

Second, many of the subscribers to Archives 
Françaises de Pédiatrie are more interested in 
articles on new techniques, analyses, and 
applications than in research articles. This 
problem is not peculiar to French paediatrics; 
several other European journals have the same 
balance. The survival of our journal depends 
on the number of subscribers, and more and 
more of them do not want articles that are too 
research oriented or that deal with very rare 
conditions. This may be unfortunate, but it is 
the case. 

The French, in common with other Euro- 
peans, probably have less difficulty reading 
and writing English than the English have in 
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communicating im another language. We will 
continue to make an effort to communicate in 
English, as this provides a wide range of other 
benefits. The opening of the European common 
market may well be a good time for European 
paediatric journals to discuss the possibilities 
of better communications or even cooperation 
to avoid the ‘arrogance’ of one particular 
group trying to protect its own language. 
Lastly, Dr Mellor compared the April 1991 
issues of the two journals. We do occasionally, 
perhaps not frequently enough, publish 
reviews of books that are sent to us. 


MICHEL ODIEVRE 

Archives Françaises de P édiatne, 
Hopital de Bicétre, 

78 Rue du Général Leclerc, 
94275 Le Kremlin-Bicétre Cedex, 
France 
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Essential reference 


Recently the library committee at our children’s 
hospital made finances available for the pur- 
pose of a selection of books, to be housed in a 
suitably secure setting—books do have a habit 
of disappearing—yet be available for 24 hour 
reference to solve the inevitable problems of 
diagnosis, investigation and management, 
which seem to occur in the middle of the 
night. Having democratically sought the 
opinion of many of the medical staff (senior 
and junior) it was surprising how uniform 
were people’s opinions en what made an 
‘essential reference book’; this article sum- 
marises these views. 

For the junior doctor just starting in paedia- 
trics. the ideal literary purchase is one describ- 
ing what to do in every emergency situation. 
Treatments and trends change so quickly in 
medicine that an up to date reference is 
essential. Thus, Paediatric Emergency Medicine 
by M Grossman and R A Dieckmann 
(Lippincott 1991) came out top in this section, 
out voting Paediatric Emergencies (J A Black: 
Butterworth, 1987) and the still easily read 
Paediatric Emergencies by Tom Lissauer. 

Another clearly practical handbook which 
received a lot of votes and will certainly have a 
place on our ‘instant access’ shelf (although 
many staff already have their own copy) was A 
Paediatric Vade-Mecum, edited by Jack Insley 
and most recently updated in 1990. 

Chemical Pathology and the Sick Child, 
edited by B A Clayton and J M Round 
(Blackwell Scientific Publications, 1984) was 
the outright winner m the ‘best book to 
explain why this child is hyponatraemic, has 
hyperammonaemia and seems moribund’ sec- 
tion. Covering all aspects af chemical pathology 
from neonatal to pubertal problems, while it is 
not ‘light reading’ it is a very useful guide on 
when to investigate, how to investigate, and 
what the results mean. It allows you to sound 
as if you know why you are asking the poor ‘en 
call’ pathologist for yet another lactate concen- 


tration and might even stop you asking for 
one! 

For a basic paediatric textbook, more for 
the quiet moments in the mess, when there is 
little else to do, the consensus of opinion 
(shared by previous contributors to this 
section) was for Nelson Textbook of Pediatrics 
(14th Ed, Saunders, 1991) in preference to the 
other standard works Textbook of Paediatrics 
(J Forfar and G C Arneil) or Principles and 
Practice of Paediatrics (F A Oski et al). As a 
reference to check whether the child in 
‘admissions’ might really have Loeffler’s 
syndrome (Nelson, page 909), it is undoubtedly 
very adequate, and earns its place in our 
emergency collection. However, even though 
it was more popular with junior staff than its 
British equivalents, for the premembership 
readers, I cannot help but worry that some of 
its transatlantic views might not be warmly 
greeted by the examiners of the Royal Colleges. 

Having confronted the emergency, made a 
diagnosis, checked the chemical pathology, 
and organised the basis resuscitation, the next 
difficulty in management is deciding drug 
dosages when the pharmacy is closed. In the 
prescribing category, the most popular choice 
was undoubtedly the Paediatric Formulary 
(2nd Ed, 1990), produced by Lewisham and 
North Southwark Health Authority (Guy’s 
Hospital to you and me), not as easy to carry 
in one’s handbag/back pocket as the Alder Hey 
Books of Paediatric Prescribing, but generally 
felt to offer that little bit more. 

At present we feel the books described will 
allow us to ‘double check’ most clinical 
conundrums and form the basis of our ‘out of 
hours’ emergency library. We are a children’s 
hospital, but are frequently confronted with 
sick neonates, thus undoubtedly soon our 
collection will need to include a neonatal 
guide—here N R C Roberton’s Manual of 
Neonatal Intensive Care is sull very popular, 
but a Handbook of Neonatal Intensive Care 
(H L Halliday, G B McClure, and M Reid, 
1989) and A Neonatal Vade-Mecum (P J 
Fleming, B D Speidel, and P M Dunn) are 
both compatible. Other suggestions for our 
‘emergency’ library that received more than 
one vote and seem sensible, but financial 
restraints do not allow their purchase at 
present, include Practical Genetic Counselling 
by P S Harper (Butterworth, 1988), a very 
useful book to have on the ward or in the 
special care unit, answering many of the 
simpler counselling questions asked by 
parents, in addition to a malformation book. 
Here, The Malformed Infant and Child by 
R M Goodman and R J Gorlin (Oxford 
University Press), with its simple line drawings, 
was as popular as the well established Smith’s 
Recognisable Patterns of Human Malformation. 
A dermatology book is very useful for any 
children’s ward with a receiving room and 
essential for an accident and emergency de- 
partment. Essential Paediatric Dermatology by 
J Verbov (Clinical Press Ltd, 1988) offers 
good quality colour illustrations for comparison 
and is easily read. The Handbooks of Investi- 
gation in Children series were reasonably 
popular—designed to tell you whom and how 
to investigate and what the results mean. This 
series now covers haematology, endocrinology, 
neurology, and renal medicine. Useful for day 
case investigations, we felt the previously 
mentioned Chemical Pathology and the Sick 
Child would suffice for our emergency shelf. 

These views signify only the ideas of myself 
and colleagues in my hospital and as such are 
obviously not sacrosanct. However, I feel 
confident our ‘emergency reference’ books 
will be regularly consulted and hopefully will 
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answer most of the diagnostic difficulties 
confronting us when the main library is 
closed. 


GORDON GLADMAN 


Senior registrar 


10. Recent Advances in Paediatrics. Edited 
by T J David. (Pp 246; £22:50 paperback.) 
Churchill Livingstone, 1992. ISBN 
0-443-04520-8. 

‘I have some news for you which you were not 
expecting’. This statement, taken out of 
context from a perceptive chapter on the 
management of Down’s syndrome summarises 
a valuable extension to a well known series. 

There are new insights into old favourites, 
Crohn’s disease, the béte noir of district paedia- 
trics; the managment of severe asthma—timely 
when many departments are subjecting their 
procedures to audit, and hypoglycaemia where 
we are invited to banish the diagnosis of 
asymptomatic hypoglycaemia. There is good 
advice on investigation but for the older child 
a firm statement on what constitutes the blood 
glucose concentration below which the tests 
should be performed would have been useful. 

There are useful chapters on what for most 
of us are rare diseases, namely HIV infection 
and genetic disorders appropriate for bone 
marrow transplantation. Although some such 
disorders could present on a ward round 
tomorrow. The ‘new genetics’ is already 
having its effects on our practice and increas- 
ing knowledge of neonatal oxygen radical 
disease is set to change our neonatal protocols 
in the next five years. 

There is purple prose telling the story of 
‘outlandish factitious disease’-—another ‘new’ 
disorder. Do some of our most brittle diabetic 
youngsters fall into this category? 

This book is written for the general paedia- 
trician. It succeeds—every chapter is relevant. 
It variously criticises our practice, invites us to 
drop outdated concepts, updates flagging 
knowledge of the scientific basis of some 
diseases, and supports us against modern 
myths—as in the chapter on food additives. 

It is hard to criticise. One assumes that 
there is a publisher’s limit on size and hence 
content should be viewed in the context of 
current issues of importance and recent 
editions in the series. However, with the 
increasing dissolution of traditional boundaries 
between hospital and community there should 
be a place in each volume for primary and 
community child health topics. All chapters 
would benefit from the discipline of ‘Key 
points for clinical practice’ and ‘Key questions 
for the future’ would be thought provoking. 
Some of the physiology is a little hard going as 
in the description of oxygen free radicals and 
would have gained from further expansion. 

However, these are small points in the 
context of a book which is a very valuable aid 
to our clinical practice and maintains the high 
quality established by its predecessors. 


D THISTLETHWAITE 


Consultant paediatrician 


The Fetal and Neonatal Brain Stem— 
Developmental and Clinical Issues. Edited 
by M A Hanson. (Pp 289; £50 hardback.) 
Cambridge University Press, 1991. ISBN 
0-521-38357-9. 


The immature brain stem appears to have the 
major role in control of fetal breathing and its 
circulation, modulation of pain response, and 
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the development of sleep-wake cycles and 
diurnal rhythms. The fetus and newborn brain 
stem therefore performs most of the function 
of the central nervous system with the higher 
centres coming on-line over the months after 
birth. It is clear that understanding the fetal 
and neonatal nervous system depends on an 
understanding of the function of the brain 
stem. This book, on that subject, grew out of a 
Physiological Society Symposium held in the 
Oxford University Department of Physiology 
in June 1989. The contributions appear to 
have been updated and the book covers a wide 
range of developmental neurology issues. The 
book contains 15 chapters each written by an 
expert in the field. The contributions review 
carefuliy the basic science and apply this 
wherever possible to the clinical situation. It is 
clear, however, that the jump from animal 
work (mainly lambs) to the human is a 
somewhat tenuous one but this is acknowledged 
in the test. The main clinically relevent areas 
are in the control of breathing and the obvious 
relevence this has to cot death. It is of interest 
that the effects of hypoxia on the brain stem 
vary considerably depending on the matura- 
tion of the structure and this is clearly 
important in the understanding of cot death. 

This is such a good book and of such a 
consistently high standard that it is invidious 
to highlight any one chapter as outstanding. 
This book deserves to be read by all fetal 
medicine specialists and paediatricians inter- 
ested in neurological development and I 
strongly recommend it. 


MALCOLM I LEVENE 
Professor of paediatrics 


Congenital Perinatal and Neonatal 
Infections. Edited by Anne Greenough, John 
Osborne, and Sheena Sutherland. (Pp 245; 
£29°50 hardback). Churchill Livingstone, 
1992. ISBN 0-443-04508-9. 


Do we really need another book on congenital 
and neonatal infections, given that /nfectious 
Diseases of the Fetus and Newborn Infant by 
Remington and Klein (W B Saunders) is one 
of the great reference textbooks? The two main 
weaknesses of Remington and Klein are that 
the book is not really helpful for practical, 
daily decision making in dealing with neonatal 
infections, and that it is not up to date in some 
of the more recently described infections. 
Greenough, Osborne, and Sutherland have 
produced a book which addresses the latter, 
though not the former, deficiency. 

The introduction to this book states that it 
grew out of a working party on TORCH 
screening. Its main strength is certainly in the 
field of congenitally or perinatally acquired 
infections, particularly the newest ones. Where 
it is uneasy is in deciding the extent to which 
neonatal bacterial sepsis should be included. 

There are four short, general introductory 
chapters on obstetric and paediatric aspects of 
congenital infections, techniques of prenatal 
diagnosis, and the laboratory. The remaining 
16 chapters are devoted to reviews of indivi- 
dual organisms. In addition to the TORCH 
organisms (toxoplasma, rubella, cytomegalo- 
virus, herpes simplex virus) there are chapters 
on Chlamydia trachomatis, enteroviruses, 
hepatitis B virus, varicella zoster virus, HIV, 
gonococcus, and syphilis. These are all short, 
pithy chapters which are clinically useful, 
but somewhat sparely referenced. There is an 
excellent chapter on human T cell leukaemia 
virus type I (HTLV-I) which contains infor- 


mation hard to find elsewhere and a useful 
summary on parvovirus B19 infections. 
Bacterial sepsis is confined to chapters on 
group B streptococcus, Escherichia colt, and 
listeria. 

This book is extremely useful for dealing 
with congenital or perinatal infections if you 
know or have a strong idea of the organism 
responsible. It is less valuable for dealing with 
day to day problems with suspected sepsis, 
although to be fair this was never the book’s 
original intention. 

DAVID ISAACS 


Associate professor in immunology 
and infectious diseases 


Pediatric Pharmacology: Therapeutic 
Principles in Practice. Edited by Sumner J 
Yaffe and Jacob V Aranda. 2nd Ed. (Pp 663; 
£73 hardback.) W B Saunders Company, 
1992. ISBN 0-7216—2971-7. 


This is the second edition of a book which was 
first published in 1980. Coincidentally, a UK 
book—Paediatric Therapeutics, edited by 
Baltrop and Brueton—has been published this 
year. I have also reviewed that book and it is 
impossible to avoid comparisons. I commented 
that such textbooks cannot hope to be 
comprehensive and despite this new megaver- 
sion with 663 pages, 81 authors and 52 
chapters, there are still obvious gaps. The only 
subjects which do not require a regular update 
are the general areas of pharmacokinetics, two 
compartment models, drug monitoring, etc. 
These are extensively covered in the 180 pages 
before an individual drug gets a mention. 

I enjoyed the debate on the ethics of drug 
research in children and also the reference to 
the child being a therapeutic orphan. It is 
correct to be cautious with prescribing but 
children could be missing out on valuable 
drugs because the literature states ‘insufficient 
information available to recommend its use in 
children’. I believe the trend to use drugs on a 
named patient basis will grow otherwise 
information will never become available. 
Ciprofloxacin and gangcyclovir are two such 
examples. 

The clinical section on either the drug (for 
example gentamicin) or the condition (for 
example diabetes) was in part excellent, in 
part ordinary. The concise chapters were well 
referenced with, for example, 251 citations on 
fungal infections. Disappointingly, there were 
few more recent than 1988. It is always going 
to be the case in a changing world that the 
print is barely dry before a new drug is 
manufactured which is too recent to get a 
mention but is now the leader of the pack. 
Adenosine does not appear in the cardiac 
arrythmia section and surely there could have 
been a stop press section for surfactants. The 
neonatal section was otherwise quite detailed 
with a whole chapter devoted to the prevention 
of bronchopulmonary dysplasia by alternate 
day injections of vitamin A. 

There were some interesting contrasts with 
UK therapeutics. Despite not suffering from 
the same pressure of litigation as the US, our 
prescribing is more conservative. For example, 
in the section on the gastrointestinal tract, it 
was demonstrated how effective metoclopra- 
mide and loperamide can be in a specific 
situation. We have an indoctrinated bias 
against the use of these drugs because of the 
well known side effects. This book reminds us 
of their potential benefits. Another group of 
drugs fashionable in the US and not in the UK 
is amphetamines for the hyperactive child. 
Reviewing their benefits makes me feel that, 
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through excess caution, we can deprive our 
children and their families of genuine thera- 
peutic benefits. In contrast the chapter on 
asthma made me feel that this was a hand out 
given to wheezy Klingons visiting the star 
ship Enterprise. Intal is a curiosity drug, 
theophyllines are first liners, and salbutamol 
does not feature. Subcutaneous epinephrine is 
still recommended for status asthmaticus. 

Despite these reservations, it is a well 
written book and I feel a lot wiser having read 
it. I am not convinced that there is a market 
for a large text book of paediatric therapeutics, 
but for those interested, I would go for the 
UK version because the drugs will seem more 
familiar. With the money saved, another vade 
mecum can be bought to replace the one that’s 
just disappeared from the ward. 


J GBISSENDEN 
Consultant paediatrician 


Medical journalism. The Writer’s Guide. 
Tim Albert. (Pp 111; £12°95 paperback.) 
Radcliffe Medical Press, 1992. ISBN 
1-870905-—28-8. 


Why do so many doctors want to the writers? 
Worse still, why do so many think they are 
writers? Journalists may have fantasies about 
being surgeons but I doubt if they try to act 
them out in the editor’s office or the Duchess 
of York’s driveway or wherever it is they 
congregate. 

None the less, the urge is there, as editors of 
medical journals know to their cost; whether it 
be the medical knight who believes his every 
word is sacrosanct or the professor of gene 
splitting who can put pen to paper only in the 
style of scientific ponderous. 

Tim Albert’s guide is a gem; I’m not 
surprised as he has an impressive track record 
in turning medical sows’ ears (and boars, for that 
matter) into journalistic silk purses. Spawned 
by the Guardian, World Medicine (of blessed 
memory) and matured at BMA News Review, 
he is now—in the words of Michael 
O‘Donnell’s forword, ‘widely recognised as 
the leading trainer in medical journalism . . .’ 

Albert takes the reader through five stages 
of writing a feature article: setting a brief, 
planning, research, writing, and revision. He 
describes how to get started, how to compre- 
hend the wide market for medical writers, and 
how to work to deadlines and wordage limits. 

There are lists of phrases to ‘avoid like the 
plague’ (such as avoid like the plague?) and 
pomposities are listed with their sensible 
alternate (‘many’ for ‘considerable proportion’, 
for example; perhaps a copy should go to 10 
Downing Street for Christmas. ) 

Those who are natural writers may not ever 
have realised what they are doing but Albert 
points out that they use the active voice, are 
positive and use words which are simple, 
specific, suitable, and sensuous. 

For the few who are venal rather than 
literary, he even tells us how to sell the 
finished product. Coping with rejection, 
subeditors, proofreading, and marking are all 
dealt with. 

Just to show not all of his colleagues are 
reptiles, Albert quotes in full the code of 
ethics of the National Union of Journalists. 
Hands up all those who think he made it up in 
the bath? There is a useful glossary of 
journalistic jargon such as ‘LUNCH: well- 
tested technique for gathering information, 
cultivating contacts and producing ideas. Not 
liked by accountants’. CONTACTS, inci- 
dentally, are a ‘journalist’s name for someone 
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who will be useful to him. Not to be confused 
with FRIENDS’. 

Whether you want to write for fun, for 
money, or even to impress editors of learned 
scientific journals, Albert’s guide is a must. 
After all, if it results in just one acceptance it 
must be worth it—and its cest is probably tax 
deductible. 


HARVEY MARCOVITCH 
Consultant paediatrician 


Significant Harm. Edited by Margaret 
Adcock, Richard White, and Anne Hollows. 
(Pp 155; £900 paperback.) Significant 
Publications, 1991. ISBN 0~9518761-0-4. 


One of Wittgenstein’s apherisms (indeed, to 
be honest, the only one I can ever remember!) 
goes “The meaning of a word is the way it is 
used’. This is particularly apposite in relation 
to the 1989 Children Act. The act stipulates 
that before certain action to protect children 
can be taken, the court must be satisfied on 
certaim specific issues that appear in a check- 
list. Is the child suffering or likely to suffer 
harm if action ts not taken? Is the child’s health 
or development impaired? If the child has 
suffered harm, is it significant? Is the harm 
attributable to care given or likely to be given? 
How does the child’s health and development 
compare with what ceuld reasonably be 
expected of a similar child? Is the care given or 
likely to be given at a level that ‘it would be 
reasonable to expect a parent to give’? 

Now clearly al! these terms require defini- 
tion, and are likely to be interpreted in 
different ways. Hew bad does harm have to be 
before it is ‘significant’? How likely is ‘likely’ 
—does this have to be a 30% chance or a 70% 
chance? What does one mean by ‘a similar 
child?’. Does this mean a child with the same 
IQ and temperament or a child from a similar 
social class background? Do ‘reasonable 
parents’ beat their children, at times quite 
hard? Should one take ethnic status into 
account when making this judgment? 

These matters of definition are already 
being tested in courts up and down the land. 
To help practitioners, paediatricians, psy- 
chiatrists, social workers, and others in their 
thinkmg on these matters, a group of experts 
drawn frem the social work, medical, and 
legal professions who are involved in the 
preparation of training material before the act 
was implemented, have produced this 
manageably sized publicatien. I found it very 
helpful. Paediatricians are likely to find 
Margaret Lynch’s chapter ‘Significant harm: a 
paediatrician’s contribution’ particularly 
useful, but they will alse find interesting 
Annie Lau’s chapter on cultural and ethnic 
perceptions of the act and Arnon Bentovim’s 
section that puts significant harm in a develop- 
mental and family context. 

Most of us are likely to find ourselves m 
court giving evidence on these matters at some 
time. Anyone who wishes to reduce their 
adrenalin level by preparing for hostile 
questioning would do well to have consulted 
this book the evening beforehand. 


PHILIP JGRAHAM 
Professor of child psychiatry 


Current Paediatric Practice. Edited by Peter 
Procopis and Geoff Kewley. (Pp 320; £25 
paperback.) W B Saunders Company, 1991. 
ISBN 0-7295-0397-6. 


Current Paediairw Practice is a compilation of 


almost 100 short and easily read reviews which 
have been collected over the last 10 years from 
Clinical Bulletins published in the Medical 
Journal of Australia and Australian Family 
Physician. The editors have brought together 
the contributions from a group of physicians 
and surgeons working at The Royal Alexandra 
Hospital for Children, Camperdown, Australia 
into a volume which spans the major areas of 
clinical paediatric practice. 

The reviews, which vary in length from two 
to nine pages, are clearly laid out and are 
illustrated in black and white. The text is 
aimed at a wide audience and would interest 
paediatricians working for their MRCP, nurses 
who have an interest in paediatrics, and 
general practitioners looking for an easy to 
read review. The standard of the individual 
reviews is variable and as some were written 
up to 10 years ago their content is not always 
right up to date. Only a half of the reviews are 
referenced and in some areas such as haemato- 
logy and endocrinology there is incomplete 
coverage of a number of common paediatric 
problems. 

The reviews generally reflect the personal 
experience and practice of the reviewer and 
thus opinions may at times differ between the 
reader and reviewer about how to manage a 
particular problem. Although I have little 
disagreement with the accuracy of most of the 
reviews, I have difficulty in recommending 
either dilute carbonated drink or fruit cordial 
in the treatment of acute diarrhoea. 

The reader should not expect state of the art 
clinical paediatrics in this book, more a chatty 
informal tutorial on a broad spectrum of 
paediatric problems. 


W MICHAEL BISSET 
Lecturer in child health 


Lecture Notes on Paediatrics. 6th Ed. By 
S R Meadow and R W Smithells. (Pp 259; 
£12°95 paperback.) Blackwell Scientific 
Publications Ltd, 1991. ISBN 0-632-03113-1. 


This paperback has recently undergone its 
sixth revision in 18 years reflecting the rapid 
growth and maturation of paediatrics as a 
specialty; the authors are to be congratulated 
on their efforts to keep it up to date. It is 
designed primarily for use by medical students 
and paediatric nursing staff, though junior 
paediatricians may find it of use. 

Does it continue to be good enough to 
persuade the near destitute student to part 
with the meagre resource of his or her grant? 
The short answer is ‘yes’. Although (as a 
Nottingham graduate raised on Essential Pae- 
diatrics by D Hull and D Johnston) the text 
was unfamiliar to me, I found it neatly laid out 
and sympathetically written. The first two 
chapters provide an excellent overview of 
child health and the third offers some sensitive 
advice and useful tips on how to examine 
children and escape with eardrums intact. 
Although the chapter on the newborn is clear 
and brief, I wonder whether, with the rapid 
expansion of neonatology as a specialty within 
paediatrics, it should be included in a text of 
this kind, particularly as there are several good 
concise neonatal handbooks available. The 
main factual content is covered in chapters 
dealing with problems by system, with infor- 
mation given in note form in short paragraphs. 
These have been updated and are well balanced. 

There are some minor flaws. I was astonished 
that a picture of a child with hypothyroidism 
was titled simply ‘A cretin’ particularly as 
earlier chapters had stressed the merit of 
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avoiding this way of referring to children. In 
addition, I feel that basic paediatric texts 
should draw attention to the existence of areas 
of controversy even though a full discussion 
may not be appropriate. The reader may 
otherwise fail to identify areas where contro- 
versy exists. An example of this is that many 
paediatricians would not embrace the concept 
espoused in this book of mandatory lumbar 
puncture in meningitis, and would consider 
the presence of papilloedema to be a clear 
contraindication. 

In general then, a good first paediatric text 
book which is, by comparison with other 
medical texts, excellent value for money. 


IAN MECROW 


Senior paediatric registrar 


Pediatric and Adolescent Gynecology. 
Edited by Sue Carpenter and John Rock. (Pp 
493; Price $86°50 hardback.) Raven Press, 
1992. ISBN 0-88167-839-2. 


Some aspects of American medical practice and 
language do not translate well to this side of 
the Atlantic, and this book unfortunately 
provides numerous examples of such differ- 
ences, which will inevitably reduce its appro- 
priateness for the British bookshelf. 

There is an irritatingly wide spectrum of 
styles in the book, with each chapter having 
different authors, and it is difficult to detect 
what readership the editors were intending to 
address. Some chapters are written at a very 
simplistic level appropriate for GCSE biology 
students, such as those on the menstrual cycle 
and on dysmenorrhoea (the latter with a 
remarkably enthusiastic recommendation for 
treatment with TENS, transcutaneous electri- 
cal nerve stimulation, more normally found in 
the north London National Childbirth Trust 
class than the teenage classroom!), while 
others are overloaded with heavyweight 
science and rarities, such as the 21 page 
chapter on ‘Hirsutism in the Pediatric Patient’ 
(with 179 references! ). 

There is considerable overlap and repetition 
(often mutually contradictory) between the 
chapters, which are frequently longwinded, 
such that one is not surprised to read the 
advice that it is necessary ‘to allot one full 
hour’ for the examination of a paediatric 
patient. 

A particular difficulty for the British reader 
is the description in several early chapters of 
elaborate and intrusive techniques for the 
gynaecological examination of young girls, 
which are not practised in this country on 
adult women, let alone children. The use of 
the colposcope is advocated for routine exam- 
inations. The knee-chest position is described 
ás ideal, with the alternative of labial traction 
to augment the supine position, neither of 
which are used in the United Kingdom. Data 
on transhymenal diameters are quoted relig- 
iously, although the wide normal ranges given 
serve to demonstrate why this isolated para- 
meter is held, in this country, as being of 
limited use in the diagnosis of child sexual 
abuse. Perhaps, therefore, the most fortunate 
example of inconsistencies in content of 
different chapters is the much more measured 
view of the appropriate assessment of possible 
victims of child sexual abuse given in a later 
chapter. The last chapter, on the difficult 
topic of the gynaecological care of mentally 
handicapped children, is a notable inclusion. 

On reflection, I would see this book as 
being available for reference in the hospital 
library, with the comprehensive chapters on 
vulval disease, vaginal discharge, abnormal 
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bleeding, sexually transmitted disease, and 
tumours of the ovary, being useful for dipping 
in to. However, the trainee in gynaecology or 
paediatrics would need to be steered away 
from some of the more questionable ‘appro- 
aches of other chapters, which serve only to 
demonstrate to the more experienced what 
wide differences exist in gynaecological practice 
on the two sides of the Atlantic. 


SUSAN M TUCK 
Consultant obstetrician 
and gynaecologist 


Handedness and Developmental Disorder. 
By D V M Bishop. (Pp 208; £21 hardback. ) 
Blackwell Scientific Publications Ltd, 1990. 
ISBN 0632-02842-4. 


Is there any substance to the notion that autism 
and left handedness are related or that stutter- 
ing is a consequence of enforced right handed- 
ness? These, and the other controversies that 
are eloquently discussed in this book, have 
generated a good deal of heat over the last 60 
years. Dorothy Bishop sheds some light. 

The first half of the book guides us through 
the background to the subject. We are intro- 
duced to the motor learning and interference 
hypotheses for an advantage of handedness 
over ambidexterity—and we learn along the 
way that parrots show some left footedness 
and gorillas some right handedness. Other 
chapters discuss the relationship of handedness 
and cerebral lateralisation, genetic theories of 
handedness, and the normal early development 
of handedness in human infants. An excellent 
chapter covers the important issues of defini- 
tion and measurement. Tests that measure 
direction of handedness and degree of handed- 
ness are compared. Validity, reliability, and 
sensitivity are lucidly discussed and we are 
shown how a strong hand preference on a 
handedness inventory can be consistent with a 
marginal advantage on proficiency testing and 
how strength of preference and consistency of 
preference may be confused. 

Having demonstrated the anatomy and laid 
before us the instruments, Dr Bishop leads us, 
as it were, into the operating theatre. In the 
second half of the book, the evidence relating 
handedness and a variety of disorders— 
epilepsy, autism, Rett’s syndrome, specific 
reading, and language disorders among others 
—is dissected. Paradox and contradiction are 
shown to arise variously from differences of 
definition, sample selection, measurement 
technique, and from conclusions that are not 
supported by the data presented. She discusses 
the role of publication bias in generating a 
momentum for associations that are in fact 
spurious. She concludes that much of the 
confusion could be resolved by an awareness 
of the methodological problems, a theoretical 
perspective that distinguishes different ways 
in which handedness and developmental dis- 
order might be linked, and assessment proce- 
dures that are able to distinguish between such 
theories. 

This book deals with a fascinating subject 
with wit and clarity. It is not for the bookshelf 
of the busy general paediatrician, but I would 
recommend it to those with a strong clinical or 
research commitment to the developmental 
disorders of children. It would also be valuable 
reading for any newly appointed clinical 
research fellow as the problems Dr Bishop 
identifies in handedness research have wider 
repercussions. 

M PIKE 


Consultant paediatric neurologist 


The Stress of Multiple Births. Edited by 
David Harvey and Elizabeth Bryan. (Pp 140; 
£15 paperback.) Multiple Births Foundation, 
1991. ISBN 0-9517709-0-X. (Available from 
the Multiple Births Foundation, Queen 
Charlotte’s and Chelsea Hospital, Goldhawk 
Road, London W6 OXG.) 


‘Like babes in wombs..... 

Urging slowly, surely forward, 
forming endless, 

And waiting ever more, forever 
more behind’. 


Walt Whitman—Leaves of Grass 


Whitman captures in Unseen Buds a stress so 
often expressed by parents of muluple births. 
The feeling of the more having to be met by 
the less. What is so impressive about this 
collection of essays, is the ‘more’ understanding 
and thinking that is given to contain the stress 
of multiple births. The wealth of experience 
condensed in this incisive yet comprehensive 
collection of essays, will not only help and 
support those familiar with multiple births, 
but also the uninitiated. This book succeeds in 
raising our level of awareness of the stress 
surrounding this issue, and, in so doing, helps 
us to cope better with such stress. 

The book is divided into five sections: 
antenatal, newborn, the early years, growing 
up as a twin, and higher multiple births. The 
collection of 13 essays starts with ‘Obstetrical 
aspects of multiple births’ by Ian MacGillivary, 
and ends with ‘The long term outcome’ by 
Ann Stewart. Pausing for thought along the 
journey with ‘Ethical dilemmas’ by Elizabeth 
Bryan et al, ‘Family relationships’ by Cherry 
Rowland, ‘Twin relationships’ by Stephen 
Isaacs and eight more interesting papers. The 
scope and content of the essays clearly meet 
their intentions. 

The two editors, David Harvey of Queen 
Charlotte’s and Elizabeth Bryan of the Multiple 
Births Foundation, are sensitive throughout to 
the fact that ‘women least likely to want twins 
are those at greatest risk of conceiving them’. 
With their extensive experience they show the 
intricate interdependence between the 
physical, emotional, and financial stresses of 
multiple births. In conclusion, they suggest a 
number of resolutions (collected into three 
groups, that is counselling and support, infer- 
tility treatment and higher order births, and 
long term studies), to help professionals 
recognise the special problems concerned with 
the stress of multiple births. 


ALAN LEVY 
Principal child psychotherapist 


Neonatal Clinical Pharmacology and 
Therapeutics. Edited by George Rylance, 
David Harvey, and Jacob Arando. (Pp 291; 
£50 hardback.) Butterworth-Heineman Ltd, 
1991. ISBN 0-7506—1353-X. 


This book arrived in my pigeonhole just as I 
was about to leave Cambridge for a walking 
holiday in Madeira. As a consequence I can 
vouch for the quality of the binding, which 
survived a week’s battering in a rucksack, and 
the paper which possesses resistant properties 
to both water and alcohol. The text stood up 
better than most medical books to being read 
rapidly cover to cover like a novel. The editors 
have sought contributions from different 
expert authors writing 20 separate chapters and 
the topics covered include apnoea (Aranda), 
antibiotics (De Louvois), anticonvulsant 


1323 


therapy (Rylance), analgesia (Levitt), vitamin 
therapy (Wispe) in addition to a useful genera! 
revision of pharmacokinetics, the transfer of 
drugs across the placenta and into breast milk, 
and the effects of drugs taken by the mother 
both therapeutic and addictive. 

There is much useful material in this book, 
although similar information could be found 
in recent review articles it is undoubtedly con- 
venient to have the facts gathered together. 
Reference lists are adequate and as up to date 
as is possible in a textbook, although the same 
single case from a 1979 Lancet letter referring 
to the effects of maternal indomethacin appears 
in two successive chapters, and I found it 
surprising that I could not find any reference 
to the meta-analyses of maternal betamethasone 
and ritodrine. The book is far from being a 
comprehensive manual of neonatal therapeutics 
and there are significant omissions and some 
overlap. There is no material on chronic lung 
disease—no discussion of dexamethasone, 
bronchodilators, or diuretic therapy and noth- 
ing on pharmacological prophylaxis of peri- 
ventricular haemorrhage. Blood transfusion is 
covered but there is no mention of the use of 
human albumin solution or immunoglobulin 
prophylaxis of infection. 

The balance of the remaining materia! 
suffers both from an attempt to cover vas! 
areas in a small number of words and from a 
failure to reflect the relative importance of the 
treatments described. Indomethacin treatment 
for patent ductus arteriosus merits only twe 
pages, for example, whereas there is a con- 
siderable amount of space devoted to anti- 
arrhythmic therapy. Reading the chapter on 
antibiotic therapy feels like a mental gallop 
through the field with no space allowed for 
advice regarding the treatment of specifie 
infections. Similarly the chapters on total 
parenteral nutrition, hypoglycaemia, and 
transfusion therapy are too compressed to 
allow adequate discussion and left this reader 
feeling unfulfilled. The book does not contain 
an appendix with dosage regimens. The lack 
of specific therapeutic advice in several sections 
would make it unsuitable as the sole text te 
recommened to junior staff. 

A good idea and a useful try, but perhaps 
not the first choice for any book tokens still 
lurking dog eared in the debris of one’s wallet. 


JANET M RENNIE 


Director of neonatal services 


Child Health—A textbook for the DCH. 2nd 
Ed. Edited by David Harvey and Ilya Kovar. 
(Pp 454; £32°50 paperback.) Churchill Living- 
stone, 1991. ISBN 0-443-04026-5. 


Authors of a book intended to help candidates 
pass an examination have a hard task if the 
examination changes in content and this is the 
case with the DCH. In my view the second 
edition of Child Health has not kept up in 
reflecting the reform of the examination 
towards a problem orientated approach based 
on primary care presentation, with a greater 
content of developmental child health, and a 
health rather than disease emphasis. 

Child Health is organised in a traditional way 
with its 29 contributors writing 34 chapters 
that mainly follow disease systems. There are 
useful additions at the end on ‘ethica! 
dilemmas’ and ‘examination techniques’. 
Twenty four of the authors are hospital based 
paediatricians and hence it is not surprising 
that the majority of chapters devote more 
space to secondary aspects of disease than 
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to primary. For example, I could find no 
mention in the relevant chapters of develop- 
mental delay associated with iron deficiency; 
no mention of district handicap teams; no 
mention of common sleep disorders; little 
discussion on asthma management at school, 
and also inappropriate advice such as ‘stoo! 
examinations should include culture’ im the 
home management of diarrheea. 

There are also deficiencies in the ‘preven- 
tive’ chapters. There is scamty discussion on 
the format, content, and evaluation of a 
surveillance programme that now forms a 
central part of child health in general practice 
(though the hard to credit statement is made 
on p 56 that ‘for most children, pre-school 
surveillance is undertaken m child health 
clinics organised by the child health services’). 
The increasingly recognised public health 
aspects of child health in relation, for example, 
to accident prevention receive no mention. 
The contraindications to pertussis given on 
p 38 are incorrect and do not detail the 
definition of a severe reaction (which is the 
only absolute contraindication). I have some 
carping comments about omissions, too— 
hyperactivity, the distraction hearing test, 
torticollis, and blocked tear ducts are not to be 
found in the book but all may crop up in the 
examimation, and are important problems in 
clinical practice. 

There is much to learn in the chapters on 
epidemiology by Stuart Logan, on child abuse 
by Jane Wynne with its clear illustrations, and 
on genetics by Sarah Bundey, which has 
valuable data on recurrence risks. 

I very much hope that the-editors will take a 
fresh look at the format of the book before the 


next edition to ensure that it is fully compatible 
with the reformed DCH. 


TONY WATERSTON 
Consultant community paediatrician 


Handbook of Pediatric Imaging. Edited by 
Lori L Barr. (Pp 224; £80 hardback.) Chur- 
chill Livingstone, 1991. ISBN 0-443-08697-4. 


‘The Handbook of Pediatric Imaging guides the 
general radiologist through a thought provok- 
ing review of pediatric radiology’. This quota- 
tion from the preface provides a standard with 
which to compare this text. 

In general, there is an uneven allocation of 
space to topics. It is a necessary editorial duty 
to control the enthusiasm of contributors for 
their special interests and to balance the 
content of the book. 

There is a long contribution on dental 
radiology, mainly accurate and interesting, but 
out of proportion to other sections of wider 
interest. The pulmonary problems of the 
preterm infant receive less space and, due to 
the method of grouping by findings such as 
‘hypoaeration’ and ‘multiple cysts’, some 
disease processes are described in several 
sections. The best description of pulmonary 
interstitial emphysema does not related to 
respiratory distress syndrome, but appears 
under a section headed ‘Mediastinal air’. 

This system is of value in preparing candi- 
dates for examination where clinical informa- 
tion may be lacking, but does not help with 
clinicoradiological correlation. In the bone 
section, Scheuermann’s disease has three short 
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and partly repetitive mentions, inaccurately 
recorded in the index. 

In conclusion, this book is best used as a 
‘spot’ primer for examinations: it is too 
uneven in content and style to be a major 
addition to the texts on paediatric radiology 
already available. 


RICHARD KEITH LEVICK 
Consultant radiologist 


Atlas of Rare Chest Diseases in Children. 
Edited by J Rudnik and R Kurzawa. (Pp 192; 
no price stated, hardback.) Rabka, Poland: 
National Institute of Mother and Child, 1990. 
ISBN 83-00-03293-2. 


The National Research Institute of Mother and 
Child in Rabka, Poland have put together a 
collection of interesting rarities in this book. 
They have impressive facilities, but the atlas 
unfortunately reflects their lack of access to 
modern investigative resources such as 
computed tomography, magnetic resonance 
imaging, and fibreoptic bronchoscopy. Bron- 
chograms are used in most of their cases, 
whereas we rarely perform one, and the 
contrast medium may soon be unavailable. 
The illustrations, although lavish, are often 
poorly reproduced, and the reference list has 
important gaps. In summary, an enviable 
collection of material, but it is difficult to 
know to whom to recommend this book for 
purchase. 


ANDREW BUSH 
Senior lecturer and 
honorary consultant 
paediatric chest physician 





Correction 


Early thrombecytopenia in HIV infection 
We wish to clarify any ambiguity in this paper by R M Beattie et al published in September (pp 
1093-4). In case 1, the last sentence of the second paragraph should read: ‘He continued to 
receive this [intravenous immunoglobulin] every four weeks for six months’. In case 2, the third 
sentence of the third paragraph should read: ‘He is currently on intravenous immunoglobulin 


every four weeks, daily zidovudine, and alternate day prednisolone’. 


Archives of Disease in Childhood 1992; 67 
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Silent gastro-oesophageal reflux: how much do 


we miss? 


Gastro-oesophageal reflux in infancy is usually self evident 
and easily controlled. In most children, symptoms resolve by 
18 months and only a minority develop oesophagitis, an iron 
deficiency anaemia, peptic oesophageal strictures, failure to 
thrive, or obstructive airways disease. Resolution is by no 
means lifelong, and many readers will not be surprised to 
learn that symptomatic reflux (heartburn) occurs daily in 
7% of hospital medical staff, and at least monthly in 36%. ! 
During the 1980s, interest in this disorder was given fresh 
impetus. First, by the availability of oesophageal pH moni- 
toring, a more accurate method of diagnosis than a barium 
meal.’ It is disappointing that despite its accuracy and ease of 
use,’ it is still used by less than a quarter of paediatricians in 
the UK.* Secondly, a novel prokinetic agent, cisapride, 
became available and this was effective in controlling the 
symptoms of reflux and some of its complications.’ It also 
became clear that in some children reflux was clinically silent 
and that this was potentially more of a problem than the child 
with frequent regurgitation. Two circumstances in particular 
spring to mind: (i) the infant with recurrent apnoeas, so 
called apparent life threatening events (ALTEs), in whom 
reflux is now recognised to be common and potentially fatal 
and (ii) the child with cerebral palsy, in whom there may be 
resistance to appropriate investigation and treatment. 


Gastro-oesophageal reflux and ALTEs 
Considerable uncertainty remains even about which system 
to investigate first when an infant presents with a history of 
ALTE and when clinical pointers are absent. The cause may 
be subtle and difficult to diagnose.® Up to three quarters 
of affected infants have pathological gastro-oesophageal 
reflux,’ ë and it is therefore appropriate to address its 
importance in the pathogenesis of ALTEs. Reflux is more 
likely if the ALTE occurred while the infant was awake,’ 
within two hours of a feed, or required vigorous stimulation 
by mouth to mouth resuscitation.’ It is crucial to note that in 
infants with ALTE the presence of vomiting or frequent 
regurgitation is a poor guide to pathological reflux.° 1° 

For some time now the association between gastro- 
oesophageal reflux and ALTEs has been thought to be 
causal, partly because of the similarities in age and sex 
distribution between the two groups of affected infants. 
Until recently, firm proof of this association has been 
lacking. In part, this has been because of the lack of a close 
temporal relationship between reflux and apnoea. In a study 
of 24 infants with apnoea, or a history in a sibling of sudden 
infant death, it was not possible to show that a sudden fall in 


oesophageal pH, not necessarily below 4, induced central or 
obstructive apnoea, or vice versa.'' None the less, reflux 
was present in all 12 subjects who showed obstructive pauses 
during sleep. In a study in which arterial oxygen saturation 
was monitored using pulse oximetry, episodes of arterial 
oxygen desaturation (to less than 90% for over 3 minutes) 
occurred within 4 minutes of a fall in oesophageal pH below 
4 in the 14 subjects shown to have gastro-oesophageal reflux 
out a total group 16 infants with ALTE.!° Pneumocardio- 
grams were normal throughout. Infants with ALTE had a 
high incidence of reflux during sleep. The effect of 
oesophageal acidification on oxygen saturation was further 
assessed by administering apple juice (pH 3-5). While this 
had no effect on arterial saturation in controls, 50% of 
infants with ALTE demonstrated substantial acid induced 
decreases. Episodes of reflux occur more frequently in 
infants when awake than when asleep, although when 
episodes do occur during sleep they tend to be of longer 
duration. This is true both in infrequent episodes of physio- 
logical reflux and in infants with pathological reflux.!? It 
now seems that the duration and not the frequency of these 
episodes during sleep may be an important determinant of 
both reflux associated respiratory disease and sudden infant 
death. Identification of those infants in whom gastro- 
oesophageal reflux is a significant contributory factor in their 
obstructive airways disease has long been a problem. In an 
early study it was suggested that the mean duration of reflux 
episodes during sleep provided the best separation between 
patients with and without reflux induced respiratory 
symptoms. Ninety four per cent of children whose respira- 
tory symptoms ceased with control of reflux had a mean 
duration of sleep reflux of over 4 minutes, while all those with 
respiratory symptoms unrelated to reflux had a mean dura- 
tion of less than this.'* In a much larger recent follow up 
study, respiratory symptoms in over 500 children were 
classified as reflux or non-reflux induced on the basis of the 
respiratory response to successful antireflux treatment. !4 
Despite the inherent difficulties in a retrospective analysis 
of this sort, and the recognition that reflux usually improves 
with time, all the children with respiratory symptoms un- 
related to reflux had a mean duration of reflux episode during 
sleep of less than 3-8 minutes, whereas this was longer in 
93% of the group with respiratory disease that was related to 
reflux. The same group have also examined the usefulness 
of this index in predicting sudden infant death in infants with 
gastro-oesophageal reflux. Nearly 500 infants under 6 
months of age, of whom over half had a history of apnoea or 
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choking, and who had undergone extended oesophageal pH 
recordings, were followed up and the cause of any deaths 
during the first year of life elicited. Of the 19 deaths, five 
were sudden infant deaths or due to a reflux induced arrest 
in hospital. All five had previously been shown to have 
pathological reflux, but they had also had prolonged reflux 
episodes during sleep. '° Four out of the five infants had also 
had continuous reflux after an apple juice feed (so called 
type I reflux), a pattern of reflux associated with only a 21% 
chance of spontaneous resolution by 18 months. '© Notably, 
the incidence of sudden infant death and reflux related 
deaths was lower after antireflux surgery (0/105) than after 
medical or no antireflux treatment (5/121). It therefore seems 
that the frequency of reflux during sleep is much less 
imporant than its duratien, and may explain why some 
infants have infrequent but sometimes catastrophic episodes 
of reflux. 

There remains the question of why some infants have such 
prolonged episodes of sleep reflux. Is there for example, an 
underlying difference in their sleep or in their ability to be 
roused by oesophageal acidification? Sondheimer and 
Hoddes have addressed this issue in infants with apnoea or 
chronic lung disease and were unable to show any differ- 
ences in the pattern on electroencephalography during sleep 
between those infants with and without reflux. ' 

What can we conclude? Gastro-oesophageal reflux is 
certainly common in infants with ALTE and should be 
sought in them all, using extended oesophageal pH monitor- 
ing. Analysis should be directed at determining the duration 
of reflux episodes during sleep, rather than just relying 
upon more conventional indices such as the reflux index 
(percent of total observatien time during which pH is less 
than 4). When found, reflux should be energetically treated 
with posturing, feed thickening, and cisapride, and oeso- 
phageal pH studies should be repeated to determine whether 
reflux is being prevented. In those infants who fail to 
respond, my threshold for surgical referral is now low, 
particularly as some infants will die within days of stopping 
medical treatment.” 


Gastro-oesophageal reflux and apnoea in the preterm 
infant 

Reflux in the preterm infant has been incriminated in 
apnoea, pulmonary aspiration, and bronchopulmonary 
dysplasia,'’ '* although accurate data on the incidence and 
severity of reflux in this population have not been available 
until recently. It is now clear that gastro-oesophageal reflux 
is common, and in some infants may be prolonged.'” Nursing 
care is a notable precipitating factor and reflux is worsened 
by the acministration of xanthines. In more mature, albeit 
prematurely born neonates, there does not appear to be a 
clear association between reflux and apnoeas.*” Neverthe- 
less, in preterm infants there is a subgroup with non- 
obstructive, xanthine resistant apnoea in whom reflux is 
particularly severe, and in whom treatment of reflux with 
posturing and feed thickening is associated with resolution 
of apnoeic symptoms.'? The mechanism of this association 
remains obscure and the laryngeal chemoreflex’! as well as 
lower oesophageal acidification may be important. However, 
the observation that resolution of apnoea does not occur as 
soon as reflux is controlled, but takes place over 48 hours, 
suggests that a vagally mediated reflex secondary to stimula- 
tion of laryngeal chemoreceptors by regurgitated milk is 
unlikely. It is possible that severe gastro-oesophageal reflux 
promotes apnoea by a vagally mediated reflex induced 
by oesophagitis and abnormal oesophageal motility.” 2? 
Preterm infants are said to be at particularly high risk of 
gastro-cesophageal reflux and pulmonary aspiration during 
intermittent positive pressure ventilation.” Over one third 
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of neonatal units in the UK avoid milk feeds during ventila- 
tion.? It seems likely that these risks may have been over- 
estimated and that ventilation actually reduces rather than 
promotes reflux.” The use of positive end expiratory pressure 
and a consequent decrease in the reflux-promoting pressure 
gradient across the gastro-oesophageal junction may be 
important in this respect.” 


Gastro-oesophageal reflux in children with central nervous 
system disease 

Feeding difficulties, vomiting, and recurrent chest infections 
associated with poor growth and nutrition are common in 
children with central nervous system disorders, particularly 
cerebral palsy. It is increasingly recognised that gastro- 
oesophageal reflux plays an important part in generating 
many of these symptoms even though vomiting may be 
minimal. Using barium studies, Abrahams and Burkitt first 
reported a 75% incidence of reflux in a small group of 
children and adolescents with severe spastic cerebral palsy.*° 
More recently, extended lower oesophageal pH monitoring 
has confirmed this association.’ ** In some children gastro- 
oesophageal reflux may be the presenting symptom and will 
appear before the onset of overt neurological disorder.” In 
others, neurological diseases is apparent rather than real, 
and dystonic posturing, sometimes gross, is cured by 
effective antireflux surgery (Sandifer’s syndrome).”’ 
Oesophageal motor dysfunction is common in children with 
psychomotor retardation. Lower oesophageal sphincter 
pressure is often low and peristalsis tends to be weak and 
disorganised.2* Oesophagitis is common and may further 
contribute to oesophageal dysmotility, as well as cause 
severe anaemia. For this reason, oesophagoscopy is always 
worthwhile when oesophageal pH monitoring indicates 
severe reflux or when there is an iron deficiency anaemia. 
These children require energetic treatment of their reflux. It 
can cause severe pain, ™? which in older patients is often bad 
enough to be confused with myocardial infarction.*' Medical 
treatment is often of limited value in these patients, 
presumably because of a primary disturbance in lower 
oesophageal acid clearance; in contrast to neurologically 
normal children, cisapride is disappointing.” Antireflux 
surgery therefore plays an important part, particularly in 
children with severe oesophagitis or other intractable 
complications. Many children will require preoperative 
nutritional support as profound protein energy malnutrition 
is common. At the Children’s Hospital, Birmingham, the 
median weight for age SD score of children with reflux 
complicating cerebral palsy was — 2:8, and nearly two thirds 
of the children had triceps skinfold thickness less than the 
5th centile (unpublished observations). This may explain 
the increased perioperative mortality and complications 
reported in neurologically impaired children undergoing 
fundoplication.** *4 None the less, it is important to point 
out that this experience has not been universal and other 
surgeons report zero mortality and very few complications.” 
Postoperatively, weight gain increases and time spent in 
hospital is reduced; the operation is highly popular with 
parents.** > 


I W BOOTH 
University of Birmingham, 
Institute of Child Health, 
Francis Road, 
Birmingham B16 8ET 
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Excitatory amino acid neurotoxicity—a broader 


horizon for cerebral protection? 


” 


Substantial experimental evidence accumulated over the past 
decade indicates that an endogenous mechanism of toxicity, 
which results in a selective neuronal lesion more severe in 
dendrites than in axons (with sparing of glia), may be 
significant in the process of neuronal degeneration seen after 
brief neurological insults. Much of the evidence has been 
pharmacological with protection from the development of 
morphological neuronal injury by the use of antagonists 
acting specifically at the glutamate family of neuronal 
receptors.'* The powerful protective effects of these 
antagonists are potentially of great clinical significance, and 
could have a role m the treatment of cerebral ischaemia, 
profound hypoglycaemia, and status epilepticus. In the 
immature brain, however, the potential usefulness of these 
agents may be precluded by their adverse effects on 
behaviour and brain development, because of the importance 
of excitatory neurotransmission in neuronal outgrowth, 
plasticity, and cell to cell interaction.? Despite such 
potential limitation for treatment, an understanding of the 
mechanism of excitatory amino acid neurotoxicity takes us 
significantly closer to conceptualising the process of 
neuronal death induced by acute insults, which must be 
central to any cerebral protective measures. 


The ‘excitotoxic’ hypothesis 

In its simplest form the so called ‘excitotoxic’ hypothesis of 
neuronal injury proposes that glutamate or’other related 
endogenous excitatory neurotransmitters become toxic in 
their interaction with glutamate receptors, resulting in a 
cascade of intracellular events that culminate in neuronal 


death.** What makes an endogenous transmitter (which is 
normally released into and cleared from the synaptic cleft) 
become a neurotoxin is still a matter of much speculation, 
but these events may be attributable to: 

(1) an excessive build up of extracellular glutamate because 
of abnormal neurotransmitter release, or abnormal uptake 
by neurons and glia; 

(2) abnormal glutamate receptor activation because of 
abnormal postsynaptic sensitivity; 

(3) abnormal induction and amplification of intracellular 
cytotoxic events. 


Glutamate receptors 
There is evidence for multiple subtypes of excitatory 
neurotransmitter receptors, which are commonly called 
glutamate receptors, as glutamate is the most widely 
accepted endogenous agonist. These receptors can be 
divided into three groups. There are two classes which 
possess an intrinsic ion channel, called ionotropic receptors. 
These are the N-methyl-D-aspartate (NMDA) receptor and 
the non-NMDA, kainate/quisqualate receptor, which are 
presumed to be large, multisubunit integral membrane 
protein complexes, which possess receptor binding sites 
with a central ion channel. The third class of receptor is the 
metabotropic glutamate receptor, which instead of possessing 
an intrinsic ion channel exerts its action through second 
messenger systems by activation of a G-protein. 

An understanding of the extent to which these glutamate- 
receptor subtypes contribute to the neuronal injury induced 
by acute cerebral insults has been facilitated by experimental 
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studies that have evaluated the relative acurotoxicity pro- 
duced py intracerebral inject:on of specif.c zeceptor agonists, 
NMDA, quisgualate, anz kainate. Ta2 results indicate 
major cntogenic alteratiors in the excicstory amino acid 
pathways, with different krain regions and neuronal types 
exhibitirg their own developmental proale of susceptibility 
to eack of the glutamate-receptor agcrists. Comparing 
NMDA with non-NMDA agonists, on an equimolar basis, 
the greater degree of inury in the immature brain is 
produced by NMDA, and in the developed brain by non- 
NMDA. agonists.7~!! Furthermore, in the immature brain, 
there appears to be a transient overproduccon of glutamate- 
receptor synaptic terminals, which may not only account for 
periods of heightened synaptic plast.city and consolidation 
of synaptic connections, Dut also provide a molecular 
substrate for increased susceptibility z0 particular insults.’ 


‘Glutamate-receptor antagonists 

Of all the major classes cf glutamate receptor, the best 
antago-usts were first tound for the NMDA receptor 
subtype. Consequently, most is knowr about the potential 
Tole of this receptor in mediating the reuronal injury of 
acute brain insults. It should, however, be remembered that 
many of the antagonists are not ‘pure’ ia their differentiation 
between the receptor subtypes, pacticularly at higher 
_concentrations, and so emy beneficia. effect may not be 
solely mediated by antagonism of = specific receptor 
subtype. In addition to the obviots -rcterest in the phar- 
macologically ‘designed’ antagonists, waich have for the 
time being only proved to be useful experimental tools, 
there hes been some recent experimertal!* P? and clinical’* 
interest in those agents elready in clin œl usage that have a 
known antagonistic effect on the NMDA receptor channel 
complex. These drugs are considerebly less potent than the 
experimenta] agents, and include ketamine and dextro- 
methcrphan (phencyclidin2 site ligands” and magnesium. 


Excitotoxicity and acute cerebral insults 

Ceretral ischaemia, profound hypoglycaemia, and status 
epilepticus, result in a complex interaction between changes 
in cerebral energy metabclism, cerebzel blood flow, blood- 
brain barrier function, neuronal depoderisation, and glial- 
neurcnal interaction. As already mentioned, the main 
evidence that an excitotoxic mechans. provides a crucial 
link m the sequence of events lead-ng zc neuronal loss after 
these insults is pharmecological Szveral studies have 
demonstrated that glutemate-receptor >!ackade can prevent 
neuronal injury induced ty a variety of cute insults in both 
the mature and immatare brain. Although the most well 
characterised insult is ischaemia. interaction at a single 
subtvre of glutamate receptors cannot explain the findings 
in al. the experimental models of hypexic-ischaemic insult. 
As an example, it has been observed that there is a relative 
lack of neuroprotectior. with NMDA antagonists in some 
adult models of cerebral ischaem-a. }° These findings 
would be consistent with a model of glutamate-receptor 
mediated toxicity that zakes into account the ontogenic 
prefiles of neuronal injury due to exogenous glutamate- 
receptor agonists; ischaemia induced injury would be 
expected to be predominantly mediated by NMDA receptors 
in the immature brain and by non-M..DA receptors in the 
adult brain. 

An excitotoxic prozess has als» been implicated in 
profound hypoglycaemia and stetu3 epilepticus. In hypo- 
glycaemia it seems likely that neurctoxicity is mediated by 
the NMDA receptor with aspartate as the endogenous 
agonist.!© Y That glu-amate-receptcr antagonists are also 
potent anticonvulsants suggests involvement of these recep- 
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tors in the mechanism of toxicity induced by status 
epilepticus. This speculative hypothesis, however, would be 
impossible to test with receptor antagonists, as blockade of 
glutamatergic neurotransmission for neuroprotection would 
also stop the epileptic activity. There has therefore been 
much effort in trying to demonstrate an abnormal 
accumulation of excitatory amino acids in the extracellular 
space during the period of insult. 


The wider horizon for cerebral protection 

This annotation has so far presented the barest model of 
excitatory amino acid neurotoxicity induced by acute 
cerebral insults, with the NMDA receptor providing a 
central role in the process of neuronal injury. Having 
illustrated some of the pharmacological evidence supporting 
the recent interest in the NMDA receptor, it is also worth 
noting that this receptor has unusual physiological properties. 
Because the receptor ion channel 1s blocked by normal 
concentrations of extracellular magnesium, the NMDA 
receptor is difficult to activate. Only as the membrane 
becomes depolarised and the magnesium blockade is lifted, 
can the receptor be activated. The ion channel then allows 
calcium to enter the cell. The resultant rise in cytosolic 
calcium is considered to be the initiating step in the cascade 
of intracellular events that culminate in neuronal death.’ * 

The excitotoxic mechanism of neuronal injury has gained 
a broader interest beyond acute cerebral insults because of 
recent observations that indicate that neurons can be made 
more susceptible to the excitotoxic effects of glutamate and 
other related excitatory amino acids by manipulations of 
cellular energy metabolism and membrane potential.!® It 
has been suggested that impairment of cellular energy 
metabolism leads to failure of the Na+/K+ ATPase that 
maintains the normal membrane potential, resulting in 
membrane depolarisation, reduced magnesium blockade, 
and easier activation of NMDA receptors.'* 7° The process 
of neuronal death could be initiated by impairment of 
cellular metabolism or membrane potential with an excito- 
toxic process being the final common pathway of neuronal 
death: an attractive hypothesis for chronic neurodegenerative 
disorders such as Huntington’s disease and Parkinson’s 
disease. 

As our understanding of neuronal injury produced by 
excitatory amino acids has grown, experimenters have used 
glutamate receptor antagonists as pharmacological tools to 
explore the role of endogenously triggered excitotoxicity in 
the complex pathophysiology of brain injury following acute 
cerebral insults. Although the knowledge gained from such 
experimental models and tissue culture may ultimately be 
translated into practical clinical strategies for the treatment 
of acute brain injury, there is potentially a far wider appli- 
cation in chronic neurodegenerative disease, and some 
inherited metabolic disorders. 


: ROBERT C TASKER 
Paediatric Intenstve Care Umit, 
Hospital for Sick Children, 
Great Ormond Street, 
London WCIN 37H 
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Abstract 

Information from standardised tests of intelli- 
gence, sckcol attainments, attention, memory 
and visuomotor function, together with parent 
and teach2- questionnaire information about 
various as32cts of behaviour, was obtained for 
63 schoalchildren with newly diagnosed 
epilepsy before treatment with sodium val- 
proate or carbamazepine, and again at intervals 
for a total period of 12 months. The same 
informaticn was collected on 47 matched 
controls. The children with epilepsy repre- 
sented thcse under non-specialised paediatric 
care. 

The result showed that both drugs were 
effective im most cases at modest dosage 
without cétsing notable psychological effects 
12 months into treatment. Modest and 
temporary adverse cognitive effects seen 
earlier in treatment could have been the result 
of uncont-olled seizure discharge. Improved 
function wes the same in children with epilepsy 
and controls. Some psychological abnormali- 
ties in the children with epilepsy were evident 
before treatment suggesting early unwanted 
effects of the epileptic process itself. 


(Arch Dis Cleld 19923;67:1330-7) 


The possibl2 psychological effects of antiepilep- 
tic drugs rave been studied since at least the 
1950s but mterest in this area of inquiry has 
increased ccnsiderably in the last 15 years or so, 
with pub.ished accounts about antiepileptic 
medications clc and new. Of particular interest 
to paediatricians are the reports concerning 
sodium valproate and carbamazepine which, at 
least in the UF, have largely replaced pheno- 
barbitone and phenytoin as the drugs of choice 
for treatirg epilepsy in children. Both these 
treatments have acquired the reputation of 
being effect_ve in suppressing seizures, generally 
without ceusing harm unless given in very high 
dosage. 

However, this reputation and, indeed, 
informaticn about the psychological effects of 
other antiepileptic drugs, is mainly based on 
findings from studies of uncertain relevance to 
general, no2-specialised paediatric practice (for 
review see Hirtz and Nelson’). Most investiga- 
tions nave been conducted on adult patients 
with compl.cated epilepsies or on normal adult 
volunteers. Patients studied have sometimes 
been takime multiple drug treatments or have 
been nixed regarding intellectual level and age, 
causing fur-her difficulties in the interpretation 


of the findings. The psychological assessments 
employed have usually varied considerably from 
one study to another and have also frequently 
been questionable in other ways. Sometimes 
they have consisted of no more than impressions, 
and when laboratory (including computerised) 
measurements have been used, the relationship 
of such procedures to performance and be- 
haviour in real life situations has not been 
demonstrated. Very few studies have established 
pretreatment baselines before assessing treat- 
ment over a sufficient period of time to allow 
possible short and long term effects to be 
detected. Other requirements not usually 
observed are the need in longitudinal studies of 
children to use carefully chosen controls in 
order to assess developmental influences and, as 
the effectiveness (or lack of it) of treatment on 
seizure occurrence may itself have psychological 
effects, the importance of taking seizure fre- 
quency into account over the period of study. 
The present study was designed with these 
various issues in mind in order to make the 
findings and their implications for clinical 
practice easier to understand. The focus of the 
study was not children with epilepsy attending 
special epilepsy services but those under the 
care of their local paediatrician, and attending 
mainstream school. Therefore the children 
represented those with the more typical and 
milder forms of seizure disorder, taking treat- 
ment characteristically that employed within 
general non-specialist paediatric practice. 


Methods 

OVERALL DESIGN 

This was a prospective study, over a 12 month 
period, in which repeated psychological assess- 
ments were made on a series of children with 
newly diagnosed epilepsy before the introduction 
of a single antiepileptic drug, and then repeated 
at intervals after the start of treatment. Regard- 
ing treatment effects, therefore, the children 
acted as their own controls over the course of 
the study. In addition, however, assessments 
were made of a group of matched non-epileptic 
children in order to assess practice effects on 
repeated testing, the effects of special attention 
given to them during the investigation, and 
developmental effects over the course of the 
study. Controls within the epilepsy group by 
matching for seizure frequency or abundance of 
seizure discharge were, or course, not possible 
because of the unpredictability of response to 
treatment and, in any case, the unfeasibility of 
trying to assess these seizure variables in this 
setting other than by ordinary clinical means. 
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SUBJECTS 

At our request paediatric colleagues notified us 
of children whom they had recently diagnosed 
as suffering from epilepsy and whom they 
intended to treat with sodium valproate or 
carbamazepine. For these purposes epilepsy 
implied the occurrence of at least two seizures of 
primary cerebral origin. Sixty three children 
were recruited who met the additional following 
criteria: (1) age between 7 and 12 years inclusive; 
(2) attending mainstream school with English as 
their first language; and (3) absence of gross 
neurological or psychiatric disorder, other 
serious chronic illness, or the need for long term 
treatment with other drugs. 

These restrictions allowed psychological 
measurement to be kept uniform and possible 
confounding effects of low intelligence, cultural 
differences, or other serious disorder to be 
avoided. No attempt was made to influence the 
paediatricians’ choice of antiepileptic drug 
treatment or any other aspect of management. 
All children with epilepsy remained exclusively 
under the care of their local paediatric service 
for the duration of the study. 

A control group of non-epileptic children was 
identified as follows. As far as possible each 
child with epilepsy was matched with a non- 
epileptic child from the same class at school (to 
control for teacher differences and/or changes of 
teacher), of the same sex and age, and of the 
same overall attainments level as judged by the 
class teacher. Obvious differences in socio- 
economic background were avoided. The ori- 
ginal intention was to match every child with 
epilepsy with a non-epileptic control but this 
proved impossible in 16 of the 63 cases mainly 
because parents did not want the school to know 
that their child had epilepsy, but also because a 
few schools were so small that a close match for 
sex, age, and attainment was not possible. 

The parents of the patients for possible inclu- 
sion in the study and possible control children 
had been approached by letter with an explana- 
tion of the purpose and nature of the study and 
an invitation for their children to take part. 
Informed written consent was obtained from 
the parent or guardian of each child entered into 
the study. The study was approved by the local 
research ethics committee. 


ASSESSMENTS 

(1) Psychological assessments 

These were carefully selected with the intention 
of covering a range of cognitive functions and 
behaviours. A combination was employed of 
formal testing of general intelligence and attain- 
ments, measures of specific cognitive abilities, 
and questionnaire ratings of behaviour by 
parents and teachers. All assessments were 
carried out by a psychologist experienced in 
working with children and their families. 

Table 1 describes the assessments of cognitive 
function that were employed. These consisted of 
general tests and specific ability tests. The 
general tests were given before treatment was 
Started and again at 12 months after the 
introduction of treatment. These tests were not 
considered sensitive to subtle psychological 
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changes but were used to screen out children of 
low intelligence within’ the mainstream school 
population and to detect any gross changes of 
cognitive function over the 12 months period of 
the study. The specific ability tests were given 
before the start of treatment and at one, three, 
six, and 12 months after treatment had been 
introduced. They were designed to show possible 
drug effects and can be categorised as tasks 
involving aspects of attention, memory, and 
visuomotor function. These tests are described 
further in the appendix. 

In a preliminary phase of the study, a number 
of specific ability tests were administered to 
normal children. Only those with minimal 
overlap with other measures and satisfactory 
test-retest reliability (shown in the appendix) 
were retained. The tests used were also designed 
to be enjoyable in order to prevent children 
dropping out of the testing sessions. The 
cognitive function tests were administered at 
the same time of day to each child with epilepsy 
and control child as far as possible. 

The measures of behaviour that were used are 
listed in table 2. The Conners scales are well 
established and researched measures of a range 
of clinically important aspects of childhood 
behaviour. The cognitive function questionnaire 
was developed for use in studies of the behaviour 
at school of children with epilepsy. The deriva- 
tion of this measure for use with teachers, and 
the aspects of behaviour at school, are very 


Table 1 Tests of cognitrve function 


Test Funcnons assessed 


General tests 


Abbreviated form of WISC-R? Verbal IQ, performance IQ, 
overall [Q* 


Neale Analyms of Reading Reading rate, accuracy and 
Abulit comprehension 

Bnush Ability Scalearnthmetic Arithmetic attainments 
test 


Specific abulty tests (see 


Establishing an attenuonal set 
Focal attention test Focusing attention in presence 


of distracters 


Sustained attention test Maintaining attention during 
long monotonous 

Memory for stories Memory beyond short term 
span for meaningful matenal 


Visuomotor coordination 

Attention, visual search 
memory, and visuomotor 
coordination 


Pegboard 
Digit symbol subsututon test 
' In this report subtest score findings are not described 


Table2 Measures of behaoiour 


Measure Bekavtours assessed 
Conners Parents’ Anxiety 
Questionnaire (see Barkley’) Conduct problems 

Impulsivity/hyperactivity 
Learning problems 
Psychosomatic problems 
Obsessionality 
Antisocial behaviour 
Restlessness/disorganrsation 


Conners Teacher Questionnaire 
(see Barkley’) 


tive Function 
Guato (for teachers) 


Anxiety 

Conduct problems 
Inattention 
Overactivity 


Distracubility 
Drowsiness 
Fear of failure 
Memory 
Social isolation 





different from that of the Conners teacher 
questionnaire. 

From th= information given in the published 
accounts of these assessments, they all appeared 
to be peychometrically acceptable. These 
measures were taken, in the case of children 
with epilepsy. before antiepileptic drug treat- 
ment was started and then repeated at one, 
three, six, and 12 months after treatment had 
begun. Th27 were taken at the same point in 
time as far as possible for each child with 
epilepsy anid control child. 


(2) Assessmcer.t of seizure disorder and tts treatment 
Each epileptic child’s type of seizure disorder 
was determmed mainly on the basis of the 
clinical feau res of the attacks (as recorded by 
the paediacnician) and results of electroence- 
phalography (EEG). Guidelines were provided 
to paediatnicians emphasising the need for a 
detailed description of the attacks from the first 
subjective 27 objective change to the child’s 
complete recovery, and the circumstances in 
which the attacks occurred. EEG assessment 
consisted of at least a standard recording 
(including overbreathing and photic stimulation 
phases) anc in some cases a sleep deprivaticn/ 
natural sleep recording. No structural cerebral 
lesion was cetected in any of the children during 
the course cf the study. 

Seizure frequency was judged principally 3y 
means of a daary record completed each day 3y 
parents or cther observers. Date, time, and type 
of attack wes recorded in this way. 


TaWe3 Numbers ef child2n ın epilepsy and værtrol groups according to treatment and sex 


Sex Childrerrwith 
epuepsy 

Boye 34 

Girls 29 

Total 63 


Sodium Carbamazepme Controls Total 
valtroate 

20 4 26 60 
14 5 21 50 
34 -9 47 110 


Tabe 4 Mean ags (in years) of children ovh epilepsy and controls by treatment grcup 


and szx 
Sex Childrerewith Sodium Carbamazepine Controls Total 
epuepsy valproate 
Boyt 9 68 9 68 %-67 10:10 9 86 
Girls 10 02 10 67 wf] 10 08 10 05 
Ali 9-83 10 @9 w- 54 10 09 9 94 
Tabe 5 Types of sutzure ard drug prescribed 
Seizure type More izecific Sodium Carbamazepine Total 
‘ovzrall category) segure type valproate 
Abserces 1] 2 13 
(Other primary Tonic—lonic 2 l 3 
teneralsed Myoc enic 17 8 25 
Subtotal 19 9 28 
Pana. Comel:x partial 2 5 7 
Bemer centrotemporal 0 4 4 
Partial with secondary 
generalisation ] 7 8 
Uncertain type 0 2 2 
Subtotal 3 18 21] 
Jnzka3sifiable ] 0 l 
Total 34 29 63 





Stores, Willams, Styles, Zarwalla 


Compliance with drug treatment prescriptions 
was assessed from the plasma drug level deter- 
minations made routinely in the paediatric 
outpatient clinics. 

Any unwanted effects reported by the children 
with epilepsy or their parents were recorded by 
paediatricians to whom a list of possible adverse 
effects was provided by the investigators as a 
guide, although additional items were added to 
this list as necessary. 


ANALYSIS 

For analysis of the data the following groupings 
were used: all children with epilepsy on either 
sodium valproate or carbamazepine, children 
with epilepsy taking sodium valproate only, 
children with epilepsy taking carbamazepine 
only, non-epileptic control children, boys, and 
girls. 

All pretreatment data was converted to 
adjusted means using covariate analysis where 
necessary to compensate for sex dependency. 
All results during treatment were calculated as 
percentage changes from pretreatment values 
for each group, using covariate analysis to 
correct for pretreatment differences between 
groups and any sex dependence. 

Differences between control and treatment 
groups, the two treatment groups, and male and 
female groups were analysed using Students’ t 
test. This test was also used to detect significant 
differences between the control group and the 
two drug groups separately. 

In a few cases the first prescribed drug failed 
to change seizure frequency and the paediatrician 
then prescribed the other drug. In these cases, 
only data collected while the child was taking 
the first drug were analysed. 


Results 

(1) GENERAL CHARACTERISTICS OF THE GROUPS 
STUDIED - 

A total of 110 children were included in the 
study: 63 children with epilepsy and 47 controls. 
There were no withdrawals during the course of 
the investigation. 

The numbers of children in the epilepsy and 
control group according to treatment and sex 
are shown in table 3. There were slightly more 
boys than girls on treatment and in the trial as a 
whole, but overall there were no significant 
differences regarding sex ratios. Table 4 shows 
the mean ages of the children, by treatment 
group and sex. Again, there were no statistically 
significant differences. 

For the group of children with epilepsy, the 
types of seizure and prescribed drugs are shown 
in table 5. A wide range of seizure types was 
seen. In general, paediatricians had prescribed 
sodium valproate for primary generalised 
seizures (with the exception of two children 
with absence epilepsy for whom carbamazepine 
was used), whereas mainly carbamazepine had 
been prescribed for the treatment of partial 
seizures. 


(2) COMPLIANCE AND SEIZURE CONTROL 
Paediatric notes, including the results of plasma 
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drug concentration determinations, indicated 
that no problems of compliance were en- 
countered. The dosages used were modest: up 
to 30 mg/kg of body weight/day of sodium 
valproate, and up to 20 mg/kg of body weight/ 
day of carbamazepine. These dosages gave 
plasma concentrations in the lower part of the 
‘therapeutic range’ and achieved complete or 
almost complete control of seizures in 79°7% of 
patients, usually within the first three months of 
treatment, with no difference between sodium 
valproate and carbamazepine in this respect. 


(3) UNWANTED DRUG EFFECTS 

A total of 28 unwanted effects of antiepileptic 
drug treatment were recorded in the paediatric 
notes of 27 children. These are shown in table 6. 
Drowsiness was the most commonly reported 
problem and was described in four children 
from each drug treatment group. There was no 
report of intoxication or any serious adverse 
effect in any child. 


Table6 Unwanted drug effects 


Side effect Sodium Carbamazepine 
valproate 
Drowsiness 4 4 
Weight increase 3 — 
Diptopia —— 3 
—— 2 
Nausea 2 — 
Vomiting l H 
Increased appetite l l 
Ataxia e l 
Abdominal pain ] — 
Hyperactıve 1 — 
Tremor l — 
Headache — l 
Gastrıc problem —— l 
Total 14 14 


Table 7 Significantly poorer pretreatment scores on specific 
abılıty tests of each seizure type group compared unth controls 


Seizure type Test 

Absence (n= 13) Pegboard** 

Other ey generalised Pegboard ** 

(n=28) Digit symbol* 

Partial (n=21) Cancelling’ 
Focal attenuon* 
Pegboard ' 
Digit symbol* * 


*p<0 05, **p<0 01. 


Table 8 Dhifferences tn specific ability test results between each treatment group and controls 
for each time of assessment after mtroducton of treatment 


Time of assessment after mtroduction of 
months 


treatment ( ) 


*p<0 05, **p<0 01 


Treatment group Test 
(worse than controls 
tm ali cases) 
Sodium valproate Focal attention”? 
Carbamazepine Pegboard ' 
Sodium valproate Cancelling 
Digit symbol” 

Carbamazepine Pegboard" 
Sodium valproate Digit symbol’ 
Carbamazepine Sustained attention’ 
Sodium valproate Focal attenuon’ 

pine Sustained attention’ 
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(4) GENERAL TESTS OF INTELLIGENCE AND 
ATTAINMENTS 

(a) Pretreatment 

When the mean scores of all children in the 
study on the tests of general intelligence and 
educational attainments were calculated it was 
found that boys scored significantly higher than 
girls on the verbal and non-verbal intelligence 
quotient (IQ) sections of the Wechsler Intelli- 
gence Scale for Children—Revised (WISC-R) 
(p<0-01 in each case) and also obtained higher 
scores on the Neale reading rate and compre- 
hension tests (p<0-05 in each case). These sex 
differences were taken into account by the use 
of covariate analysis when comparisons were 
made between epileptic and control groups. 

No significant differences were seen in com- 
parisons between the three overall categories of 
seizure type compared with each other and with 
controls. All these groups showed no significant 
difference from each other regarding mean age. 

With the mean values adjusted by covariate 
analysis for sex differences, no significant 
differences were seen in comparisons between 
controls and any of the groups subsequently 
given antiepileptic drug treatment (sodium 
valproate, carbamazepine, either group) for 
WISC-R verbal or performance IQs, Neale 
reading ability scores or the British Ability 
Scales arithmetic score. This close correspon- 
dence demonstrated the accuracy with which 
teachers had matched epileptic children and 
their controls for educational attainments. 


(b) After 12 months of drug treatment 

No significant differences were seen in any 
comparison between any treatment group and 
controls for any of the measures of general 
intelligence or attainments. 


(5) SPECIFIC ABILITY TESTS 

(a) Pretreatment 

No significant differences between boys and 
girls were seen in any of these tests. 

Compared with controls, each overall seizure 
type group showed significantly poorer scores 
on various specific ability tests. These findings 
are summarised in table 7. Children with 
epilepsy consistently showed poorer visuomotor 
coordination irrespective of type of epilepsy, 
whereas aspects of attention were more charac- 
teristic of the partial group. In no test did 
children with epilepsy score significantly better 
than controls. 

There were no significant differences between 
the different subsequently treated groups and 
controls. 


(b) Changes during treatment 

Table 8 shows tests on which one or other of the 
treatment groups were significantly different 
from the controls at each assessment after the 
introduction of antiepileptic drug treatment. In 
all instances the performance of the treatment 
group was worse than that of controls. In 
general, the sodium valproate and carbamaze- 
pine groups did not differ greatly in the few 
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significant differences seen between each of 
them and controls. Attentional differences were 
more consistently seen throughout the repeated 
assessments, lower focal attention scores charac- 
terising the sodium valproate group and lower 
sustained attention scores the carbamazepine 
group. In addition, poorer performance than 
controls. wes seen in the pegboard measure of 
visuomotor coordination early in treatment with 
carbamazerine, and on the more complex digit 
symbol tasE during the middle phase of the 12 
month period of treatment with sodium 
valproacze. 


(6) MEASURES OF BEHAVIOUR 
(a) Pretreatrtent 
No significant differences between boys and 
girls were szen on any of these measures. Table 
9 shows the significant differences that were 
found between the different seizure type groups 
and control children. In all differences the 
epilepsy grcur score higher than controls. 
Collectively, the children with epilepsy showed 
many scgniticantly worse behaviours compared 
with ccntrels. A common thread throughout 
was various aspects of poor attention and 
‘drowsiness’ according to teachers, but in 
general the absence and partial seizure groups 
displayed a greater variety of disturbance than 
the other primary generalised group, sharing a 
higher level of impulsive/hyperactive and 
memory p-zoblems, as judged by teachers, 


Tabe 9 Pretreatment behaanoural difference. benseen each seizure type group and control 


cnilcren 
Jerseys type 


Absence (n= 13) 


Other primary generalised 
(n=28) 


Partial in=21) 


1p<0 05, *p<0 01 


Cognitive Functior Questionnaire 


Conners Parents’ Questionnaire 


Cognitive Functior Questionnaire 


Questionnatre Factor 

Conners Parents’ Questionnaire Conduct problems* 
Impulsivity/hyperactivity*' 
Learning problems‘ 
Muscular tension’ ' 

Conners Teather Questionnaire Inattention * 

Cognitive Functor Distractibrlity* 

ess r 


Memory problems '*‘ 


Drowsiness* 


Impulsivity/hbyperactivity ' 
Psychosomatic" * 


Distractibility* 
Drowsiness” 

Fear of failure* 
Memory problems’ 
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compared with their controls. When the groups 
subsequently treated with sodium valproate or 
carbamazepine were compared with controls no 
significant pretreatment differences were seen. 


(b) Changes during treatment 

Table 10 shows the relatively few significant 
differences in behaviour scores between each 
treatment group and control children during the 
course of treatment. No consistent, meaningful 
pattern is seen up to the six month assessment 
(with the anomalous result that at three and six 
months into treatment the children with epilepsy 
treated with carbamazepine had lower inatten- 
tion scores than controls), and at 12 months of 
treatment no differences at all were found. 


Discussion 

This study was essentially concerned with 
sodium valproate and carbamazepine as typi- 
cally used in general paediatric practice. The 
main findings were that these drugs were 
equally effective in producing seizure control 
without common serious adverse physical com- 
plications, and that they were also equivalent in 
being associated with no reduction in intelli- 
gence and school attainments over the first 12 
months of treatment. Children taking either 
type of medication showed inferior scores on 
various tests of specific cognitive ability, mainly 
those involving aspects of attention, over the 12 
month period. In contrast, no behavioural 
differences between treated children with epi- 
lepsy and their controls were found after 12 
months of treatment and at earlier stages of 
treatment only a few inconsistent differences of 
uncertain significance. It is possible that, in any 
case, these differences between the children 
with epilepsy and their controls were not drug 
effects at all but the result of remaining overt 
seizures or subtle seizure discharge both of 
which are capable of producing psychological 
effects.’ 

A main concern in the design of the study was 
to study schoolchildren with epilepsy in the 
community under the care of the local paediatric 
services—that is representative of children with 
epilepsy in general rather than those attending 
special clinics or services because of the severity 
of their disorder. The types of epilepsy exhibited 
by the children studied and the high rate of 
response to antiepileptic treatment both indicate 
the representative nature of the sample 


Table 10 Digference in behaviour scores between each treatment group and controls on each assessment after mtroduction of 


treatment 
Trme of asszssment Treatment group 
after mtroduction. cf {worse than controls 
treatment (rionth -) unless otherwise indicated) 
l Sodium valproate 
3 Sodium valproate 
Carbamazepine 
6 Carbamazepine 
12 No significant differences 


*p<0 05, “*p<)-01 


Questionnaire Factor 
Cognitive Function Questionnaire Soctal solauon* 
Cognitive Function Questionnaire Distractibility* 
Fear of failure’ 
Conners Teacher Quesonnaire Inattention * (better 
than controls) 


Inattention * (better 
than controls) 


Conners’ Teacher Questionnaire 
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obtained. A basic principle was to avoid inter- 
fering with paediatricians’ usual practice for the 
purpose of the study. Ethics approval was based 
on that understanding. In particular, random 
assignment of the children to treatment with 
either sodium valproate or carbamazepine was 
not considered justifiable. This would have 
especially been so in the case of absence epilepsy 
(13 of the 63 children with epilepsy) for which 
carbamazepine is acknowledged to be ineffec- 
tive and sometimes harmful. The difficulties in 
obtaining matched controls for all the children 
with epilepsy were unsurmountable in the 
circumstances. However, inclusion of a com- 
parison group of normal children was essential 
to control for developmental changes and other 
possible explanations of improvements over the 
course of the study. 

The psychological measures used in this 
study were carefully selected and the repeat 
reliabilities of the specific ability tests specially 
assessed before the study to ensure that the tests 
were satisfactory in this respect. The repeated 
assessment procedures, and the test battery, 
proved acceptable to children, parents and 
teachers; no child was withdrawn during the 
study. The psychological assessments before the 
start of treatment were of particular importance 
in providing baselines with which later assess- 
ments could be compared, but also in identifying 
pretreatment differences in intelligence and 
attainment between boys and girls, and the 
behavioural differences between the normal 
control children and those with epilepsy before 
their treatment was started. These differences 
indicated the need for statistical adjustment to 
make later comparisons valid. 

These pretreatment differences between the 
children with epilepsy and their controls are of 
considerable interest in themselves, especially 
in view of the differences in this respect 
between the main overall types of epilepsy. The 
partial seizures subgroup displayed the greatest 
variety of differences regarding specific abilities, 
whereas most behavioural differences were seen 
in the children with absence seizures followed 
by the partial seizures subgroup. There is no 
clear separation between these subgroups 
regarding particular types of differences from 
controls. Perhaps the most consistent element 
throughout these differences in the results of 
specific ability testing and behavioural ratings 
by both parents and teachers is inattentiveness 
of one sort or another. The differences in this 
respect (obviously not attributable to treatment 
in this instance) are in keeping with the general 
tendency for children with epilepsy to be 
considered ‘inattentive’,° including being 
perceived by their teachers as having poor 
concentration and mental processing and being 
less alert than their non-epileptic peers even 
when matched for overall school attainment 
level. In the last mentioned study, children 
with a past history of epilepsy but no longer 
taking antiepileptic drugs because of apparent 
remission of their seizures, were still considered 
by their teachers to be less alert than their non- 
epileptic counterparts. The possibility exists 
that some children with epilepsy, irrespective of 
type, have a form of attentional disorder, 
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related to impaired alertness, to which untreated 
seizures and some form of treatment can make a 
contribution, but which is not wholly explicable 
in these terms. The idea of an attentional deficit 
persisting in between seizures is not new. 
Mirsky and van Buren suggested this some time 
ago, at least in the case of absence seizures.” 

It is interesting that the reassuring results for 
both drugs used in the present study are 
generally mirrored in studies of adult patients 
taking either sodium valproate or carbamazepine 
singly (for example see Gillham et al’). 
However, because of the complexities of trying 
to compare findings on patient groups of 
widely different ages, types of epilepsy, and 
other possible determinants of behavioural out- 
come, the present discussion is confined to 
other studies of children. 

Comparisons between the findings in the 
present study and other reports concerning 
children is itself difficult enough in view of 
differences in study design. The nearest com- 
parison is that with the study by Forsythe et al 
in which 64 children with newly diagnosed 
tonic-clonic or partial seizures (age 5 to 14 
years) were randomly assigned to treatment 
with carbamazepine, phenytoin, or sodium 
valproate.'' The children were assessed pro- 
spectively over a 12 month period on a range of 
cognitive function tests that were mainly con- 
cerned with visual or auditory memory but that 
also included tests of vigilance, concentration, 
and speed of information processing. None of 
these measures were the same as those used in 
the present study apart from additional measures 
of intelligence and reading (but only taken after 
the start of treatment) and no standardised 
assessments of behaviour were employed. 
Assessments were performed before treatment 
and at intervals of one, six, and 12 months after 
the start of treatment. A fifth of the original 
sample were lost to the study but in the 
remainder seizures were controlled in every 
case. A control group contained 31 children 
with nocturnal enuresis and nine with migraine. 
Analysis of the findings was limited for a variety 
of reasons and the main effect reported was an 
association between carbamazepine treatment 
(at modest dosage) and impairment at six and 12 
months on a composite measure of memory 
function. As no pretreatment measures of 
intelligence and school attainments were made, 
the relevance of this memory deficit to more 
global measures, including educational attam- 
ment, remains unclear. 

The results of other studies of children taking 
sodium valproate or carbamazepine as single 
treatments are generally difficult to interpret. 
Herranz et al reported various adverse 
behavioural effects in 64% of children after the 
introduction of sodium valproate, but the 
assessments used in this study were not psy- 
chometrically evaluated and did not include 
pretreatment measures.!* In addition the 
children studied were mixed regarding severity 
of seizure disorder and intelligence and the 
body weight related dosage varied widely. 
Silverstein et al, in another uncontrolled study- 
reported a wide range of adverse behavioural 
effects after treatment with carbamazepine but 
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some of the same criticisms apply to this report 
and its lack cf detail makes evaluation difficult.*? 
Schain et a! demonstrated attentional and 
perceptual improvements at four to six months 
of carbamazep:ne treatment compared with 
previous treatment with sedative type anti- 
epileptic drugs'*; clearly, the design and 
permissable =onclusions from this study are very 
different from those of the present investigation. 
In the study by Jacobides improvements in 
arithmetic xere reported over a year in 22% of 
children acter treatment with carbamazepine 
and in 35% maladjustment ratings were said to 
fall.!* Oth2- improvements reported in this 
account wzre increases in JQ and greater 
alertness. “<nfcrtunately, evaluation of these 
claims is bænpzred by lack of detail and the 
absence of conrols. Part of a complex study 
reported by Trimble and Cull consisted of the 
comparison of small groups of children with 
epilepsy teking either sodium valproate or 
carbamazepine. É Significantly better reaction 
times and scores on various cognitive tests were 
reported in children taking carbamazepine 
compared w-th hose on sodium valproate. The 
report by Aman et al that cognitive function 
measures were best shortly after taking 
carbamazepine tnear peak concentration) raises 
unanswerec questions about the factors 
mediating suck drug effects.'’ 

These reports concerning children provide 
additional ev.dence of the inconsistent results of 
studies of the psvchological effects of antiepilep- 
tic drugs, and tke difficulties of interpreting the 
findings in view of various methodological 
designs and :ho-tcomings, especially failures to 
control for -clevant factors. No two studies are 
even remote:y alike in the composition of the 
groups studied, the measures used, the attempt 
to control zcr cevelopmental variables or the 
various factors, m addition to antiepileptic drug 
treatment, thet influences cognitive or 
behavioural cutcome. There ts clearly a need to 
standardise assessment and procedures in future 
studies. 

In the m2intmme, it seems safe to conclude 
that the wəght of evidence is in favour of 
sodium valproate and carbamazepine deserving 
their reputacior that, as typically used in 
paediatric p-zctice, they are effective treatments 
that general, dc not have adverse consequences 
of practical -Hnical significance. 


We are most grace] to the chidren and ts who took part m 
this study te che many pacdiatric co es who very kindly 
referred cases te as and also helped us with arrangements. We 
also thank Sanof Lebay and Ciba for the financial assistance 
with the invesn2zctucn.and especially Dr Derrick Easter for his 
unfailing halp ard adv.ce 


Appendix: descriptions of specific ability tests 


CANCELLING EST!’ 

Measures abzlity to establish an attentional set 
and the rate at which this is established. There 
are five timed trials where the child cancels the 
letters among dizits and a reverse category trial 
requiring canceilation of digits from among 
letters. This reverse category trial shows any 
difficulty im switching attentional set. Test- 
retest reliab_Lty 9-89. 


Stores, Wilhkams, Styles, Zarwalla 


FOCAL ATTENTION TEST? 

This provides a measure of the ability to focus 
attention on relevant items in the presence of 
distracters. The target is always an orange circle 
which is initially set among different colour 
circles and later among circles and squares. The 
number of distracters is increased over three 
trials. The child sorts the cards into those 
showing the targets and those without. Test- 
retest reliability 0°6. 


SUSTAINED ATTENTION TEST”? 

A measure of the ability to sustain attention 
during a monotonous task lasting just under 15 
minutes. The child is asked to identify animal 
names among other words presented at a 
standard rate of one every 2 seconds. Test-retest 
reliability 0°73. 


MEMORY FOR STORIES”! 

A measure of memory for meaningful material 
that exceeds the short term span. The stories 
have short episodes and little redundancy but 
the material must be interpreted and structured 
to be remembered well. Two stories are given at 
the start of the session for immediate recall. At 
the end of the session the children are assessed 
for delayed recall and comprehension questions 
are asked. Test-retest reliability 0°6. 


PEGBOARD” 

A measure of visuomotor coordination and fine 
hand control. Children are asked to insert a row 
of pegs using first the dominant hand and then 
the nondominant hand. Lastly a row of alternate 
colours 1s made using alternate hands. Test- 
retest reliability 0-6. 


DIGIT SYMBOL SUBSTITUTION TEST 

This is a subtest from the WISC-R. It is a 
complex task involving attention, visual search 
memory and visuomotor coordination. 


The above references describe versions of the 
tests which were either used or modified for use 
in the present study. All test-retest reliabilities 
were statistically significant. 


l Hinz DG, Nelson KB. Cognitve effects of antiepileptic 
drugs In. Pedley TA, Meldrum BS, eds Recent advances m 
epilepsy number 2. Edinburgh. Churchill Livingstone, 1985: 


161-81 
2 Wechsler D. Manual for the Wechsler cd pare a 
children—-revised New York: Psychological Corporanon, 


1974. 
3 Neale MD. Analysts of reading aithty 2nd Ed London: 
Macmullan, 1966 


4 Elhott CD Brinsh abtlity scales. Introductory handbook 
Windsor’ National Foundation for Educational Research— 
Nelson, 1983. 

5 Barkley RA. Child behavior raung scales and checklists. In 
Rutter M, Tuma AH, Lann IS, eds Assessmen: and d 
sis in hology London Fulton, 1988°113-55 

6 Bennet-Levy J, Stores G The nature of cognitive dysfunction 
in schoolchildren with epilepsy Acta Neuroi Scand 1984,69 
(suppl 99).79—89 

7 Stores G REET EENT E S IN assessing 
the cognitive function of children eerie ea Epudepsia 
1990, 31(suppl 4):S45-9 

8 Stores G Studies of attention and serzure disorders Dev Med 
Child Neurol 1973315:376-82 

9 Mirsky AF, van Buren JM On the nature of the ‘absence’ in 
centrencephalic epilepsy; a study of some behavioral, 


Psychological effects of sodium valproate and carbamazepme in epilepsy 


electrocephalogra autonomic factors. Electro- 
maphelo CIAA r Nawookmol 19%5;18:334-48. 
10 Gillham RA, W KD, Butler E, Larkın 


JG, Brodie MI. a ee function in adult ep patients 
established on anticonvulsant monotherapy. Epilepsy Res 
1990 ,7:219-25. 

11 Forsythe I, Butler R, I, McGuire R Cognitive mpar- 
ment in new cases epilepsy randomly assigned to 
carbamazepine, carian and sodium ae Dev Med 
Child Neurol 19911;33: 524-34 

12 Herranz JL, Arteage R, Armijo JA Side effects of r 
valproate ın monotherapy controlled by plasma levels 
a study of 88 paon nents. Epilepsia 198 23:203-14 | 

13 Senan SS, h MA, Johnston V. Adverse behavioral 

reactions in children treated with carbamazepine. 7 Pediatr 
1982;101:785—7 

14 Schain RI, Ward JW, Guthne D Carbamazepine as an ant- 

convulsant in chidren N 1977 ,27:476-80. 
15 Jacobides GM Alertness and scho sag ETE in young 
eptics treated with carbamazepine In: Meimard: H, 
AJ, eds Advances in epuleptology—-1977 psychology, 
pharmacotherapy, and new dia approaches Amsterdam 
Swets and Zer , 1977 114-9. 
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16 Trimble MR, Cull C. Children of school age the influence of 
antiepileptic drugs on behaviour and intellect Epiepna 
1988 ,2%suppl 3) $1519. 

17 Aman MG, Werry JS, Paxton JW, Turbott SH, Stewart AW 
Effects of carbamazepine on psychomotor performance in 
children as a function of drug concentration, seizure type 
and ume of medication. Epdepsta 1990,31:51-60. 

18 Schiffrin RM, Schneider W. ee and aroma 
human information processing. II. Perception, ae 
automatic attending, and a general theory Psychol Rev 
19773;84:127--90 

19 Treisman AM, Gelade G. A feature-tntegration of attention 
Cogmuve Psychology 1980,12:97-136. 

20 Gale A, Lynn R A developmental study of attention Br 7 
Educ Psychol 1972 ,42:260-6. 

21 Glenn CG The role of episodic structure and of sto i ae 
in children’s recall of simple stones. Journal of Verbal 
Learmng and Verbal Behavior 1978,17:229-4 7. 

22 Costa LD, Vaughan HG Jnr, Levita E, Farber N. Purdue 

as a predictor of the presence and laterality of 
FTE lesions Journal of Consulting Psychology 1963327: 





Sisters of fragile X boys 


Inheriting the fragile X gene and showing the fragile X abnormality 
on cytogenetic analysis, it seems, are not the same thing. It is 
estimated that, of those who inherit the gene, about 80% of males 
and 50 to 60% of females show the chromosomal abnormality and 
develop the clinical syndrome. A recent study from Denver, 
Colorado (Randi J Hagerman and colleagues, Pediatrics 1992;89: 
395-400) details the findings in the sisters of boys with the fragile 


X syndrome. 


Thirty two fragile X girls were examined of whom 26 were 
sisters of an affected boy, three were cousins of such a boy, and 
three had presented because of their own problems and had no 
affected male relative. All were examined by the same person who 
was unaware of the cytogenetic findings. Eighteen chromosomally 
normal sisters of fragile X boys acted as the control group. The 
two groups of girls were assessed as regards physical features, 


intelligence, and behaviour. 


On clinical examination six features were significantly more 
common in fragile X girls. They were prominent ears, a long face, 
shyness, poor eye contact, hand flapping, and hand biting. The 
control group had a mean IQ of 109 compared to 80 in the fragile 
X girls of whom 53% had an IQ of less than 85 and 25% less than 
70. Fragile X girls with a normal overall IQ often had learning 
difficulty especially in mathematics. Ten in the fragile X group 
but none in the control group satisfied criteria for the diagnosis of 
attention deficit hyperactivity disorder. They were usually impul- 
sive and distractible with a short attention span rather than 
hyperactive. The authors report that many of the girls improved 
on treatment with either stimulant drugs or folic acid but they 


present no controlled data. 


This study demonstrates the differences between the fragile X 
sisters of fragile X boys and their chromosomally normal sisters 
but it was not a population study and may not, therefore, give a 
complete picture of the possible range of findings in fragile X 


girls. 
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Diagnostic significance of ?”™Tc-dimercaptosuccinic 
acid (DMSA) scintigraphy in urinary tract infection 


B Jakcbssoa, S Söderlundh, U Berg 


Abstract 

A total of 106 children with symptomatic 
urinary tract infection (73 girls and 33 boys, 0- 
15-9 years ef age) were studied by means of a 
dimercaptosuccinic acid (DMSA) scan, renal 
ultrascund, and a desmopressin test during 
infection ard at follow up approximately two 
months later. At follow up they were also 
investigatec by means of intravenous 
urography (IVU) and micturition cystoure- 
thrography “MiCU). 

During icfection 23 children had a normal 
DMSA scar. while 83 children had an abnormal 
one. The median C reactive protein and SD 
score for renal concentration capacity in the 
former group were 15 (range <10-178) mg/l 
and —1-0 5D score (range —2-4 to 1-8), 
respectively, and in the latter group 98 (range 
<10-320) mel and —3-1 SD score (range —5-7 
to 1-li, respectively. In the former group 
there was ne significant finding in any child on 
ultrasound cr IVU and only one had significant 
vesicoureteric reflux (VUR) (grade 3). 

At follow up 51 children had a normal 
DMSA scar while 55 children showed persis- 
tent changes. The median SD score for renal 
concentratien capacity in the former group 
was —(!-9 SD score (range —3-2 to 1-4) and in 
the latter group — 1-6 SD score (range —4-6 to 
2-5). No significant changes were found in the 
former group on ultrasound or IVU and only 
two chaldrer had significant VUR (grade 3). In 
the latter gnoup 20 children showed changes 
on ultrasound, 15 showed changes on IVU, 
and 23 aad YUR. 

These resalts suggest that a normal DMSA 
scan during or approximately two months 
after urinar” tract infection in children indi- 
cates a low risk of finding significant pathology 
of the urinary tract. 


(Arch Dis Chid 1992;67:1338-42) 


The cumulacive risk of contracting a sympto- 
matic u-inar~ tract infection during childhood is 
3% for girls end 1% for boys.! If not treated and 
controlled properly a urinary tract infection 
may have serious long term consequences.* The 
protocol for the investigation and follow up of 
children witt urinary tract infection has recently 
been tke subject of debate.** Most authors, 
however, recommend some combination of 
renal ultrasound, intravenous urography (IVU), 
a dimercaptesuccinic acid (DMSA) scan, and 
micturi-ion cystourethrography (MCU). %7 
Children with urinary tract infection therefore 
require greet resources in the health care 
system. At tmes when economic resources are 


limited, ways to simplify and rationalise the 
Investigations and follow up of these children 
without sacrificing safety would be of value. 
Moreover, diagnosis of urinary tract infection in 
small children is not atways easy with the avail- 
able indirect parameters. A more direct 
approach to the diagnosis in these cases could be 
helpful in identifying children at risk. It has 
been shown previously that a DMSA scan is a 
sensitive method to diagnose and localise acute 
pyelonephritis in children® and to detect renal 
scars.” '° This raises the question of to what 
extent the DMSA scan can replace other 
radiological methods as a routine investigation 
in children with urinary tract infection. The 
significance of a normal or an abnormal DMSA 
scan during or shortly after infection is not well 
documented, however. The purpose of this 
study was to find out if a DMSA scan was more 
sensitive to distinguish between upper and 
lower urinary tract infection than other 
commonly used parameters and to evaluate the 
predictive value of a normal DMSA scan in 
children with urinary tract infection. 


Patients and methods 

A total of 106 children admitted to the hospital 
with symptomatic urinary tract infection (33 
boys and 73 girls, 0-15:9 (median 0°7) years of 
age) were included in the study after obtaining 
informed consent from the parents. The age and 
sex distribution of the children is shown in fig 1. 
The primary symptoms were fever, failure to 
thrive, or feeding difficulties. The children 
were investigated according to the following 
protocol. On admission a blood sample was 
taken for the determination of C reactive 
protein. Ultrasound, a DMSA scan, and a 
desmopressin test were performed within five 
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Figure 1 Children grouped by age and sex. 
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days after admission. After 6-20 (median 8) 
weeks these investigations were repeated and 
IVU and MCU were also performed. All children 
were treated with antibotics for at least 10 days 
and after this prophylactic low dose antibiotic 
treatment was administered until the follow up 
investigation. No child had a breakthrough 
infection during the interval between the first 
and second investigations. 


DMSA SCAN 

The children were examined supine and 
immobilised in a vacuum pillow. ”°"Tc-DMSA 
was given in a dose of 0°5 MBq/kg body weight 
(minimum 10 MBq). At least three hours after 
injection one anterior and one posterior picture 
with a 10 minute acquisition time (n=24) or a 
500 000 count posterior picture (n=82) was 
taken. All DMSA scans were evaluated visually 
and each kidney was subjectively judged to be 
normal or abnormal. 


ULTRASOUND 

Ultrasound was performed with 3-5 or 5 MHz 
sector scanners. Changes on ultrasound were 
considered present if changes in parenchymal 
echogenicity and/or dilatation of the pelvis were 
observed. 


IVU 

IVU was performed according to standard 
procedures and changes were considered present 
if renal scarring, hydronephorosis, ureteric 
dilatation, or malformations were observed. 
Renal scarring was defined as a combination of 
parenchymal reduction and deformities of 
calices. }! 


MCU 

The presence of reflux was noted at MCU and 
graded on a scale from 0 to 5 in accordance with 
the International Reflux Study. !? 


DESMOPRESSIN TEST 

Desmopressin (Minirin, Ferring) was adminis- 
tered intranasally, 10 ug for infants and 20 pg 
for children over 1 year of age. One hour later 
three consecutive urine samples were collected 
and the highest urine osmolality was taken as a 
measure of the maximum urinary concentration 
ability. A SD score was calculated according to 
Marild et al.'? 


STATISTICS 
Mann-Whitney’s non-parametric test was used 
for statistical analyses, a p value <0-05 being 
considered significant. 

This study was approved by the local ethics 
committee. 


Results 
During infection 23 children (13 boys and 10 
girls, 0-36 (median 0:2) years of age) had a 
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normal DMSA scan. Eighty three children (20 
boys and 63 girls, 0-1—-15°9 (median 1:0) years 
of age) had an abnormal DMSA scan (130 
kidneys). The age distribution of children 
below 1 year of age in relation to findings on 
DMSA scan during infection is shown in fig 2. 
At follow up no child in the normal group 
showed changes in the DMSA scan and 28 
children originally with an abnormal DMSA 
scan had become normal. Thus at follow up 51 
children had a normal DMSA scan and 55 
children had persistent changes in 68 kidneys. 


LABORATORY PARAMETERS 

The C reactive protein concentration during 
infection in the two groups is shown in fig. 3. 
The median C reactive protein in the patients 
with normal DMSA scan was 15 mg/l, signifi- 
cantly lower than in those with abnormal scans 
where the median was 98 mg/l (p<0-001). In 
the normal group, 10 out of 23 children had a C 
reactive protein concentration >20 mg/l, which 
might indicate that they had acute pyelonephritis. 
In seven of these children, all with C reactive 
protein >32 mg/l, there was, however, an 
ongoing upper respiratory tract infection that 
might have been responsible for the raised C 
reactive protein. In the abnormal’ group, six 
children had a C reactive protein concentration 
<20 mg/l, indicating a lower urinary tract 
infection. Therefore, the C reactive protein did 
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Figure2 Distribution of findings on DMSA scan in 
children below 1 year of age. 
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Figure3 C reactive protem concentranon in children with 

a symptomatic unary tract infection and a normal or 
rani a scan. The lines indicate the median values. 
*'¥—p<0-001. 
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Figure4 The 5D score for renal concentration capacity 
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deS A ARON and Unopened! or GA abnormal DMSA 
scan. The lines mudicate the median values. "** =p<0-001. 
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FigureS The SD score for or renal concentration capacity 
according to Mail et al’? approximately two months after a 
symptomatic urinary tract mfection in children with a normal 
or an abncrmal DMSA scan performed at the same time. The 
ines tndicate tkz median values. ‘=p<0-05 


Table 1 Children mvestigated with a DMSA scan duriag 
ne who shewed changes in ultrasound during wnfecnon 

and IVU and MCU at follow up. Figures are number of 
children (widney.) 


During infection Abnormal at follow up 
DMSA scaa A bnormal IVU MCU 
on ultrasound 
Normal 
23 5 (6) 2 (3) 3 (6) 
Abnormal 
83 (130) 2D (22) 15 (20) 23 (34) 


2 Changes found on wtrasound, IVU, cnd MCU ın children with a urmary tract 
tnfection and troestisated cata a DMSA scan 
approximately nwo wonths -gures are aumber of ¢ 


infecnon and at follow up after 


ren (kidneys) 
During my ection Al follow up 
Normal Atnormal Normal Abnormel 
10 (11) 1 (1) 
2 (2) 1 (1) 
5 (6) § (9) 3 (4) 22) 
£ es 5 (8) 
ZQ@ 1d) 1 (i) 
6 (8) 1 (1) 5 (7) 
2 G3) 2 (2) 2 3) 2 (2) 
1 (2) 4 aD, 2 (3) 131 
2 (4) e (15) 3 (5) 8 (14) 
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not agree with findings on the DMSA scan in 16 
children (15%). 

During infection the SD score for renal 
concentration capacity was available for 68 
children and is shown in both groups in fig 4. 
The median SD score for the abnormal group 
was significantly lower than in the normal one 
(p<0-001), but there was overlapping between 
the two groups. In the normal group, one child 
had an SD score <—2 SD score, while in the 
abnormal group, 10 children had a normal SD 
score (>—2 SDS). Thus in 16% of the children 
there was a disagreement between findings in 
the DMSA scan and the desmopressin test. At 
follow up, the SD score for renal concentration 
capacity was available for 63 children. It was 
significantly lower ın the children with DMSA 
changes than in those without (p<0-05) (fig 5), 
but there was a large overlap between the two 
groups. 


RADIOLOGICAL FINDINGS 

DMSA scan during infection 

The number of children investigated with a 
DMSA scan during infection and with abnormal 
findings on ultrasound at the same time is 
shown in table 1. The findings are specified in 
table 2. Five children with a normal DMSA 
scan showed changes on ultrasound, but these 
changes were only a slight dilatation of the renal 
pelvis without clinical significance (table 2). 
Altogether 24% of children (17% of kidneys) 
with changes in the DMSA scan during infection 
showed abnormal changes on ultrasound (table 
1). In the normal group no child was found to 
have significant changes at IVU (tables 1 and 2). 
All children with renal scarring on IVU showed 
severe changes in the DMSA scan (table 2). 
Among the children with a normal DMSA scan 
during infection, only one child was found to 
have a significant verisicoureteric reflux (VUR) 
(bilateral grade 3). This was a 5 month old boy 
who had a prominent renal pelvis on ultrasound 
during infection. 


DMSA scan at follow up 

The number of children in each group with 
findings on ultrasound, IVU, and MCU is 
shown in table 3 and the findings are specified 
in table 2. In the normal group no child had 
significant changes on ultrasound or IVU. The 
one child with hydronephrosis on IVU and a 
normal DMSA scan at follow up did not have a 
significant obstruction and required no inter- 
vention. All kidneys with established scars at 
IVU showed changes in the DMSA scan. The 
overall frequency of VUR was 25%. Five 
children with a normal DMSA scan at follow up 


Table 3 Children wvesngated with a DMSA scan at 
follow up who showed changes m ultrasound, IVU, and 
MCU at follow up Figures are number of children (kidneys) 


DMSA scan Abnormai at follow up 
at follow up 
Ultrasound IVU MCU 
Normal 
51 3 (4) 4 6) 5 (8) 
Abnormal 
55 (68) 4 (4) 13 (18) 21 (32) 


Diagnostic significance of °*™™Tc-dimercaptosuccimic acid (DMSA) scinugraphy tn urmary tract mfection 


had VUR, but it was significant in only two 
children (grade 3 reflux in three kidneys). 


Discussion 

It is important to bear in mind that all children 
in the present study were hospitalised and 
investigated because of a symptomatic urinary 
tract infection. The primary symptoms were 
therefore those commonly associated with an 
upper urinary tract infection: fever, feeding 
difficulties, and failure to thrive. The median 
age of the children with a normal DMSA scan 
during infection was very low (fig 2). The 
normal DMSA scan in this group could therefore 
have two explanations. Either the DMSA scan 
may not be a sufficiently sensitive method to 
diagnose acute pyelonephritis in infants or these 
infants had in fact a lower urinary tract infection. 
However, seven of the 10 children in this group 
with clinical and laboratory parameters suggest- 
ing the presence of acute pyelonephritis had an 
ongoing upper respiratory tract infection. We 
believe that these children actually had a primary 
upper respiratory tract infection with con- 
comitant bacteriuria. °""Tc-DMSA is taken up 
by the proximal tubular cells by an active 
process.'* '° The normal DMSA scans seen in 
the smallest infants suggest that this process 
already is mature in these infants, although this 
may vary between individual infants. In our 
experience, however, the quality of the DMSA 
scan in infants under 2-3 months of age is not 
always satisfactory and it would seem wise not 
to rely on this method to diagnose acute 
pyelonephritis in these young infants. 

The renal concentration capacity is often used 
to differentiate an upper urinary tract infection 
from a lower one.!? In the present study the 
renal concentration capacity was significantly 
lower in the children with changes in the 
DMSA scan both during infection and at follow 
up. However, there was a marked overlapping 
between the two groups at all times, making it 
difficult to predict changes in the DMSA scan 
from the desmopressin test. Moreover, for 
children under 6 months of age, normal values 
for the concentration capacity are not available. !” 
Therefore, although the desmopressin test 
shows a difference between the two populations 
with a normal and an abnormal DMSA scan, ıt 
is not a reliable test to differentiate an upper 
urinary tract infection from a lower one in 
individual cases. A non-invasive direct method 
for diagnosing an upper urinary tract infection 
in children is needed. The use of ultrasono- 
graphy in this respect has not turned out to be 
as successful as was initially hoped, as shown by 
the present study and others.® '? In the majority 
of cases the differentiation between lower and 
upper urinary tract infection can be made on a 
clinical basis, however. We therefore believe 
that in children over 3 months of age in whom 
acute pyelonephritis is suspected but clinical 
and laboratory parameters are ambiguous, a 
DMSA scan should be performed in order to 
verify the diagnosis. This procedure could help 
to idenufy the children who are at risk and spare 
many children unnecessary investigations and 
follow ups. 
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Abnormal findings in other radiological 
investigations were scanty in children with a 
normal DMSA scan. The most common finding 
on ultrasound or IVU in these children was a 
slight dilatation of the renal pelvis or ureter that 
was considered to be of no significance. In these 
cases the presence of VUR was suggested and 
this was the case in five out of six kidneys. The 
presence of double ureters was easily detected 
by IVU but was not detected by the DMSA 
scan. Although this finding is usually considered 
to be of no significance, it is interesting to note 
that all these kidneys showed defects in the 
DMSA scan during infection and all but one at 
follow up. This suggests that these kidneys are 
at risk in children with a urinary tract infection 
and is in agreement with a previous report.'° 

The overall frequency of VUR in the present 
study was 25%, which is similar to that reported 
by others.° 7° 2! During infection VUR was 
associated with DMSA changes ın all but three 
children and in only one child was the reflux 
significant (grade 3). This child showed a slight 
dilatation of the renal pelvis on ultrasound. At 
follow up the DMSA scan had become normal 
in an additional two children with VUR, one of 
whom had a significant reflux (grade 3). The 
children with significant reflux were boys 
aged 3 and 5 months. MCU is the definitive 
method of demonstrating VUR, although radio- 
nuclides are being used more frequently.” 
MCU is a rather unphysiological investigation 
and is often a cause of great distress in children 
and parents. Most authors agree that an MCU 
should be carried out in all children with 
urinary tract infection under the age of 1 year as 
these children are at high risk of developing 
renal damage.” 7* Whether this investigation 
should be performed routinely in older children 
with a urinary tract infection is a matter of 
debate.” 475 In the present study, a normal 
DMSA scan indicated a low risk of finding a 
significant pathology of the urinary tract. It 
would therefore seem safe not to perform MCU 
as a routine investigation in children with a 
urinary tract infection over 1 year of age, 
provided that they have a normal DMSA scan 
either during or approximately two months 
after infection and a normal ultrasound during 
infection. 

In conclusion, our present results indicate 
that a DMSA scan is a sensitive method to 
distinguish between upper and lower urinary 
tract infection in children and we suggest that it 
should be used to verify the diagnosis in 
children in whom there is a suspicion of acute 
pyelonephritis but the clinical and laboratory 
parameters are ambiguous. Moreover, the results 
indicate that an MCU may be safely omitted as a 
routine investigation in children over | year of 
age with a urinary tract infection who have a 
normal DMSA scan during infection or at 
follow up approximately two months after 
infection and a normal ultrasound dunng 
infection. 
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Foregut motor function in chronic renal failure 


A M Ravelli, S E Ledermann, W M Bisset, R S Trompeter, T M Barratt, P J Milla 


Abstract 

In children with chronic renal failure (CRF) 
anorexia, nausea, and vomiting are common 
yet poorly understood symptoms. We studied 
oesophageal and gastric motor function in 12 
children (age 7 months—6-8 years) with severe 
CRF not undergoing dialysis who had persis- 
tent anorexia and vomiting. Eight of 12 patients 
had significant gastro-cesophageal reflux 
(reflux index 5-2% to 21-9%, mean 11-3%; 
controls <5%), 7/10 had altered gastric half 
emptying times (T12) for 5% glucose or milk 
(glucose meal—controls: 8-14 min, two CRF 
patients: 18-25 min; milk meal—controls: 
48-72 min, five CRF patients 27, 28, 82, 83, 
and 110 min). Gastric antral electrical control 
activity was abnormal in 6/11 patients, with 
different types of gastric dysrhythmias whereas 
the remainder and controls showed a regular 
dominant frequency of 0-05 Hz. In 7/9 patients 
fasting serum gastrin concentration was raised 
(53 to >400, mean 168 pmol/l, controls <40 
pmol/l). All CRF patients with anorexia and 
vomiting had one or more disorder of foregut 
motility. The nature and variety of the motor 
disorders and the raised concentrations of 
circulating gastrin suggest that the normal 
environment generated by CRF affects the 
function of the smooth muscle of the foregut. 


(Arch Dis Child 1992;67:1343-7) 


Children with chronic renal failure (CRF) 
commonly suffer from anorexia, nausea, vomit- 
ing, and failure to thrive.! Our current under- 
standing of the cause of these symptoms is 
limited and treatment is largely empirical and 
ineffective. It is generally accepted that vomiting 
may occur as a result of gastro-oesophageal 
reflux (GOR) or by initiation of the emetic 
reflex. The latter is associated with prodromal 
symptoms such as nausea, gastric and oesopha- 
geal dysmotility and reflex contractions of the 
intercostal, diaphragmatic, and anterior 
abdominal muscles.” Regurgitation however is 
effortless and not associated with any prodromal 
symptoms.* Whether one or both of these 
mechanisms is responsible for vomiting in 
children with CRF has not been previously 
studied. 

In this study we have assessed foregut motor 
function and its regulation in children with 
CRF who were failing to thrive and had 
symptoms of anorexia and vomiting. 


Patients and methods 
PATIENTS 
Twelve children (10 boys and two girls, mean 


age 2°17 years, range 7 months—6°8 years) 
with CRF (mean estimated glomerular filtration 
rate 11 (range 6-25) ml/min/1:73 m^) receiving 
conservative medical management but not 
requiring dialysis were studied. The primary 
cause of renal disease was renal dysplasia (n=7) 
or obstructive uropathy (n=5). At the time of 
study the mean height SD score was —2°6 (—4-0 
to —1:7) and mean weight SD score was —2°5 
(—3°8 to —1°3). All children were anorexic and/ 
or had a history of vomiting at the time of study. 
Eleven of the 12 required nasogastric tube 
feeding in order to achieve an adequate energy 
intake. 


CONTROLS 

Overall 50 subjects (age 3 months—17 years) 
acted as controls: 22 for GOR, 12 for gastric 
emptying, and 16 for gastric electrical activity. 
Twelve were normal healthy children and the 
others had eating disorders (n=23), recurrent 
respiratory infections (n=6), cyclical vomiting 
(n=5), postenteritis enteropathy (n=2), 
Crohn’s disease in relapse (n=2); none had irrit- 
able bowel syndrome or were referred for a sus- 
pected gastrointestinal motility disorder. After 
detailed motility investigation including intra- 
oesophageal pH monitoring, antroduodenal 
manometry and electrogastrography, no evi- 
dence of such a disorder could be found. 


METHODS 

All patients with a history of vomiting had a 
barium meal and follow through examination. 
Foregut motor function was assessed by 
measuring intraoesophageal pH, gastric 
emptying, and gastric antral electrical activity. 
Regulation of gastrointestinal motility was 
assessed by measuring polypeptide hormones. 
The study was approved by the ethical 
committee of the Hospital for Sick Children, 
Great Ormond Street. 


GOR 

A well validated ambulatory intraoesophageal 
pH monitoring system (Synectics Medical) 
utilising an antimony electrode was used over a 
six hour postprandial period, which has been 
shown to be comparable with a 24 hour recording 
for the detection of GOR in children with 
vomiting and feeding problems.‘ Two para- 
meters were considered: (1) percentage of time 
spent with an intraoesophageal pH below 4 
(reflux index or RI) and (2) duration of the 
longest reflux episode. GOR was graded as 
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normal (RI <5%), mild (RI 5%-10%), moderate 
(RI 10-23%), and severe (RI >20%). 


Gastric emt tung 

Gastric emptying was measured by applied 
potential tcrmography.° Either 20 ml/kg of cows’ 
milk (+0722 g sodium chloride/100 ml to 
increas2 electrical conductivity) or 5% glucose 
were given as test meal. At the end of the study 
an emptyimg curve was computed, maximum 
postprandial resistivity noted, and time to half 
emptying (T2) calculated. Six patients were 
tested after a milk meal, three after a glucose 
meal, and three with both meals on two 
differert occasions. 


Gastric antral electrical control activity 

Electrical ccntrol activity was recorded by 
surface electrogastrography® over a one hour 
period after an overnight fast. A standardised 
meal (milk .0-20 ml/kg) was given after 30 
minutes to imitiate postprandial activity. Elec- 
trical activity was recorded from four pairs of 
silver/sifver chloride bipolar skin electrodes 
(impedance 2°5+2°0 KOhms) placed over the 
abdomen hatfway between the xiphisternum 
and the umbakicus. The signal was then amplified 
and low pass filtered at 0°33 Hz before being 
displayed on a Gould 8 channel polygraph and 
simultaneously digitalised at 1 Hz by an analogue 
to digita. comrerter Data Translation DT 2801A 
mountec in an IBM AT compatible personal 
computer (Zeaith 248). Running spectral analy- 
sis of the signal was performed using a sequence 
of computerised algorithms (PC-DATS, Prosig 
Computer ‘Consultants) customised by the 
authors. Each one hour recording was divided 
into 55 particlly overlapping segments of 128 
seconds. Each segment was band pass filtered at 
0-01 and 0°25 Hz and the frequency spectrum 
was derived ty autoregressive modelling. The 
dominant frequency was calculated and the 
resulting analysis was displayed as a pseudo 
three dimensicnal plot. 


Polypeptide hormones 

Fasting blood samples were collected in 5 ml 
lithium bepazin test tubes with 0°2 ml Trasylol. 
The samples were centrifuged, the serum 
removed, and they were immediately frozen in 
liquid nitrogen and then stored at —70°C. 
Serum conceatrations of gastrin, glucagon, 
pancreatic polypeptide, vasoactive intestinal 
polypeptide, end neurotensin were measured 
using well validated radiotmmunoassays 
(Professor $ 2 Bloom, Supraregional Assay 
Service, Hammersmith Hospital, London). 


STATISTICAL ANALYSIS 

Given the small numbers of subjects tested and 
the variability of data distribution, arbitrary 
upper anc lower limits of normal (greater than 
2SD from the controls’ mean) were established. 
Patients groups were compared with controls 
using the Marcn-Whitney test. 
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Results 

GOR 

In 22 age matched controls mean (SD) RI was 
2°22 (1:22)% compared with 8-02 (6°79)% in 
CRF patients (difference between medians 
—5°21, 95% confidence interval —7-86 to 
—1:18; p=0-°01), and RIs are shown in fig 1. 
Eight patients with CRF had GOR (RI >5%)}— 
five mild, two moderate and one severe—and in 
these mean RI was 11:3 (range 5-2-21-9)%. 
Three patients with GOR also had long reflux 
episodes (22, 27, and 30 min) exceeding the 
upper limit of controls (20 min). The severity of 
reflux was not directly related to the degree of 
the CRF. 


Gastric emptying 

Only two patients managed to drink the full test 
meal; in the remainder (n=10) it was given by 
nasogastric tube but six could only tolerate 
volumes of 10 to 15 ml/kg, that is 50% to 75% of 
the meal volume normally used. Four patients 
(three tube fed) vomited during the test. As 
expected, the Ti⁄2 was considerably slower with 
milk than with 5% glucose in both patients and 
controls (fig 2). After the milk meal, the mean 
(SD) T’% was 61:5 (8°6) min in six healthy 
controls (normal limits: 40 and 80 min) and 62°8 
(26°8) min in nine CRF patients. After the 
glucose meal, the mean (SD) T'2 was 10:7 (2°3) 
min in six other healthy controls (normal limits: 
6 and 16 min) and 13:2 (7-6) min in six CRF 
patients. Seven patients had abnormal gastric 
emptying. Two had accelerated gastric empty- 
ing, one after the milk meal and another after 
both milk and glucose meals (T'% 28, 27, and 
5 min respectively). Five had delayed emptying, 
three after the milk meal (T 82, 83, and 110 
min) and two after the glucose meal (T'A 18 and 
25 min). Although as a group patients did not 
significantly differ from controls (milk meal: 
difference between medians —1.25, 95:2% 
confidence interval —24°0 to 24:0, p=0°95; 
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Figure 1 Percentage of exposure to intraoesophageal pH 
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glucose meal: difference between medians 
—1-0, 95:2% confidence interval —11-0 to 5:0; 
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with abnormal gastric emptying, half were 
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test and one received a reduced meal volume. 
One patient with accelerated emptying vomited 
at the end of the test. 


Gastric antral electrical control activity 
Electrical control activity occurred at a mean 
frequency of 0-05 (0-04-0-06) Hz in 16 controls 
and in five patients. In 6/11 children with CRF 
a number of different dysrhythmuias of antral 
electrical control activity were detected. One 
patient had a tachyarrhythmia (0°15 Hz), two 
had a bradyarrhythmia (0°02 and 0-03 Hz 
respectively), and three had an unstable electri- 
cal control activity (no dominant frequency 
detectable). All dysrhythmias occurred during 
the fasting as well as the postprandial period. 
These dysrhythmias are shown as pseudo three 
dimensional running spectral frequency plots in 
fig 3. 


Polypeptide hormones 

Fasting serum concentrations of vasoactive 
intestinal polypeptide, pancreatic polypeptide, 
glucagon, and neurotensin were within the 
reference range in all but two patients, one with 
vasoactive intestinal polypeptide values of 48 
pmol/l (reference range <30) and another with 
pancreatic polypeptide values of 393 pmol/l 
(reference range <300). Fasting serum gastrin 
was significantly raised in 7/9 patients. These 
seven had a mean value of 168 pmol/l and a range 
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Figure3 Pseudo three dimensional As pick pale frequency plots of electrogastrography recorded ın four children with 
actroity (A), a tachyarrhythmia (B), a bradyarrhythmia (C), and unstable 


chronic renal failure. Normal electrical 


electrical control actrvtty (D) are shown Frequencies are expressed as cycles per minute (cpm), where 3 cpm=0-05 Hz. 


Results of foregut monluy assessment 


Patent CCR Gastine Gastric antral 


No emptying electrical control 
actroity 
l Mcdente Delayed — 
2 Delayed Normal 
3 No-me! Normal Tachyarrhythaa 
4 Mederate Accelerated Unstable 
5 = ormal Normal 
6 MH Accelerated Unstable 
7 Nuli Normal Bradyarrhythmma 
8 Noma Delayed Normal 
9 Naml Normal Bradyarrhythmm 
10 Mihi Delayed o 
ll MH Normal Unstable 
12 Noma Delayed Normal 


of 53->40C pmol/l (reference range <20, 
remaining two patients 29 and 39 pmol/l). This 
finding was nct related to any abnormality of 
blood chemistry or foregut motor function. 


In summary-——as can be seen from the table, 
all patients with CRF had some foregut motility 
disorde-, eitae> in the form of GOR (66°7%), 
abnormal gastric emptying (58°3%), or antral 
dysrhythmia (54°5%), and seven out of 12 
(58°3%> had more than one abnormality, the 
most ccmmon association being between GCR 
and disordered zastric emptying. 


Discussion 

There ts increasing evidence to suggest that 
anorexia, nausea, and vomiting result from a 
disturbence of foregut motility and its control 
mechan:sms.° This study clearly demonstrates 
that there are widespread motilty disorders 
affecting the foregut of children with CRF who 
present with these symptoms. The prevalence 
of GOR wes high (66°7%) and GOR was 
moderate to severe in 25%, These findings 
confirm the observations of Ruley et al, who 
found COR n 16/22 (73%) infants with CRF 
and feeding problems.°® 

In this study. however, GOR was not the ony 
cause of vomsting and abnormalities of gastric 
motor activity were as common. There have 
been no previous studies of gastric motor 
function in caildren with CRF, but studies in 
adults with E.F have yielded contradictory 
results. Some have shown delayed gastric 
emptying in symptomatic patients’ and during 
continucus amoulatory peritoneal dialysis, ' 
whereas normal gastric emptying has been 
reported in patients receiving haemodialysis, 
-whether symptematic or not.!! '* Our findings 
of both celayed end accelerated gastric emptying 
might b2 surorsing, but both are in keeping 
with the patieats’ symptoms of fullness, nausea, 
and vomiting.!? 

During the pr2-ejection phase of the vomiting 
reflex gastric antral dysrhythmias commonly 
occur im association with nausea and other 
autonomic symptoms.” Gastric antral dysrhyth- 
mias have beea described in different conditions 
in which the emetic reflex has been evoked'*"'® 
and in both adults and children with severe 
unexplained romiting.'*?' Although it might 
be expected that gastric electrical activity would 
affect gastric emotying, in only two patients was 
an antral dysrhythmia found as well as a 
disordered gastric emptying. The most likely 
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explanation is that dysrhythmias result in 
impaired motor function of the gastric antrum 
which is mainly involved in grinding and 
emptying of solid foods. Emptying of a liquid 
meal depends mainly upon tonic pressure 
changes of the gastric fundus?” and thus antral 
dysrhythmias may not affect emptying of a 
liquid meal such as 5% glucose or milk. 
Furthermore, some of the dysrhythmias that we 
detected were more subtle and less striking than 
the continuous ‘tachygastria’ observed by others 
in patients with intractable vomiting. They may 
have been sufficient to induce nausea (and 
thereby a reduced food intake) but insufficient 
to affect gastric emptying. Secondly, some 
patients did not have the same meal volume (as 
they did not all tolerate the full meal) or the 
same test meal during the applied potential 
tomography and electrogastrography studies 
and a different challenge on the stomach might 
have resulted in different functional conse- 
quences. Finally, in nearly all patients gastric 
electrical control activity and gastric emptying 
were studied on two different occasions. Thus 
day to day variations might have been respon- 
sible for the lack of correlation between gastric 
emptying and gastric electrical control activity, 
perhaps due to fluctuations of some polypeptide 
hormones metabolised by the kidney and active 
on gut motility and food intake. 

Gastrointestinal motility is modulated by 
myogenic, neural, and humoral factors,”? which 
may themselves be altered when the renal 
function is deranged. The variability of antral 
electrical control activity found in this study is 
in sharp contrast to the persistent dysrhythmias 
we have recently described in patients with 
disease of enteric nerves or smooth muscle.” 
Thus it is likely that our present findings result 
from an altered humoral environment. In adults 
with CRF abnormally raised serum concentra- 
tions of several polypeptide hormones have 
been reported and hypergastrinaemia is a 
prominent biochemical feature.”° 7° In response 
to a meal, gastrin increases and stimulates 
gastric acid secretion and gastrointestinal motor 
activity by increasing antral contractions and 
disrupting the fasting motility pattern.” At 
pharmacological doses, like those seen in CRF, 
gastrin stimulates oesophageal, gall bladder and 
small bowel contractions, as well as gastric acid 
and pancreatic exocrine secretion. Acid hyper- 
section and disruption of the fasting motility 
pattern with increased but incoordinate small 
bowel contractions all result in delayed gastric 
emptying.” Therefore gastrin could be partly 
responsible for some of the motility disorders 
found in our study. However, other polypeptide 
hormones involved in the regulation of gut 
motility and the modulation of hunger and 
satiety are markedly increased in adults with 
CRF.” It is therefore very likely that in 
children with CRF hypergastrinaemia is only 
part of a more complex biochemical disorder 
that may be expected to have considerable 
effects on gut motility and food intake. In 
summary, this study demonstrates that children 
with CRF who suffer form anorexia, nausea, 
and vomiting have several motility disorders of 
the upper gastrointestinal tract. GOR is the 
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cause of much vomiting, but reflex vomiting, 
with gastric dysrhythmias and disordered gastric 
emptying, is at least as common. We speculate 
that the altered humoral environment indicated 
by the hypergastrinaemia and generated by the 
CRF is at least in part responsible for the 
foregut motility disorders and the persistent 
anorexia. 


ANS Was aed ane ane? PAE O A aa (No 9002466 04) from the 
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Ultrasonographic assessment of the extent of hepatic 
steatosis in severe malnutrition 


J F Doherty, E J Adam, G E Griffin, M H N Golden 


Abstract 

Ultrasonographic, blinded assessment was 
made cf the extent of hepatic steatosis in 55 
children wita severe malnutrition: undernutri- 
tion (n=6), marasmus (n=18), marasmic- 
kwashiorkor (n=17), and kwashiorkor (n= 14). 
The children were examined on admission, in 
early r2covery (considered as baseline), and 
again at discharge. Eleven healthy control 
children and eight of the previously mal- 
nourished children were studied as comparison 
groups. 

Both oedematous and non-oedematous 
malnourished children had significantly more 
steatosis than the comparison groups at each 
time. Children with oedematous malnutrition 
had significantly greater steatosis than non- 
oedematous children at admission. Half of the 
non-oedematous malnourished children had 
appreciable hepatic steatosis at both admission 
and at baseline. 

Hepatic fat was only slowly mobilised. The 
rate censtaat was 1-4+0-3%/day. One quarter 
of the children did not change steatosis grades 
during the period they were in hospital. There 
was nc overall correlation between the extent 
of steatosis and liver size. 

Hepatic steatosis in childhood malnutrition 
is not confmed to oedematous children: it is 
frequently present in marasmic and under- 
nourished children. Its extent is not necessarily 
related to the degree of hepatomegaly and 
accumulated lipid is only slowly mobilised. 


(Arch [ns Chidd 1992,67:1348-52) 


Kwaskiorkcr, or oedematous childhood mal- 
nutrition, was described by Cecily Williams in 
1935. Her description included the statement: 
‘Post-mortem, the only constant finding is an 
extreme fatty infiltration of the liver’.! The 
precise patŁogenesis of this accumulation of fat 
in the liver remains unexplained; however, the 
severity of the pathological change is beyond 
doubt. The median fat content of liver biopsy 
samples taken from severely malnourished 
Jamaican caildren was 30-35%, and it appro- 


ached 50% of liver wet weight in the severest 
cases.” Whatever the pathogenesis, disturbances 
of liver function, such as increases in bilirubin? 
and serum transaminases,* carry a very bad 
prognosis. 

Hepatic steatosis is usually held to be a 
clinical feature only of oedematous malnutrition? 
and standard textbooks categorically state that 
‘fatty liver does not occur in marasmus’.® 
Waterlow, however, mentions one marasmic 
child with a fat content of 35% liver wet 
weight,’ and other authors have reported similar 
cases.’~? It is unclear if these are isolated cases 
or whether hepatic steatosis frequently occurs in 
marasmus and wundernutrition—the non- 
oedematous forms of childhood malnutrition. 

Previous studies have used chemical analysis 
or histological grading of liver biopsy tissue to 
assess liver steatosis. These series were, of 
necessity, limited to patients with definite 
indications for biopsy and therefore excluded 
both children with very severe illness and those 
with mild forms of the disease; further, in very 
few patients has more than a single assessment 
been made. 

Recently ultrasonography has been validated 
and used to assess liver fatty infiltration in 
adults; the hepatic steatosis can be demonstrated 
with high sensitivity (94%) and specificity 
(84%), ° 

The aim of the present study was to examine 
the extent of hepatic steatosis, longitudinally, in 
an unselected series of severely malnourished 
Jamaican children. 


Subjects and methods 

STUDY CHILDREN 

The study group comprised 55 children, 6 to 36 
months old. They were consecutively admitted 
to the Tropical Metabolism Research Unit in 
Kingston, Jamaica, as a result of severe, primary 
malnutrition. A summary of their clinical details 
and diagnoses, using the Wellcome classifica- 
tion,'’ is given in table 1. The children were 
treated by standard protocols.!? Their diet was 
based on an infant formula (Pelargon, Nestlé) 


Table ! The clmcal details of the study children; values are mean (SD) 
Undernumnor Marasmus Marasmic-kwashtorkor Kwwashtorkor 
(n=6) (n= 18) (n=17 (n= 14) 
Male female 51 13-5 11.6 9:5 
Age (months) 18 6 (47) 16°7 (6°8) 12 3 (6°3) 12°8 (3:1) 
Admuszon hesghr for age (Z) —2 7 (1 3) —4 2 (1 6) —4-2 (1 2) —2:1 (1:0) 
Admuss:on weghi for height (Z) ~25 (1-1) —3'0 o 7) —2-2 (1-0) —1-6 6 9) 
Discharge wegh: for haght (Z) +0°1 (0 6) —0°6 (0-7) +0-1 (0 5) +0:1 (0°6) 
Time acamssion D baseline study (days) 1] (3) 8 (3) 9 (2) 13 (6) 
Time baseline z0 discharge study (days) 29 (10) 34 (10) 26 (11) 26 (7) 


Z=SD scores from the NCHS standard height of a child of the same age and weight for a child of the same height. 


Ultrasonographic assessmen: of the extent of hepatic steatosis m severe malnutrition 


fortified with vegetable oil (corn or coconut) to 
give an energy density of 5-7 MJ/kg, vitamins, 
and minerals. '* 


COMPARISON GROUPS 

Eleven children who were resident in a local 
children’s home were studied as a control 
group. Eight previously malnourished children, 
who had had grade 0 or 1 steatosis at discharge, 
were also studied between 32 and 162 days after 
discharge, as a further comparison group. Each 
of these children was assessed as clinically 
healthy; they were anthropometrically within 1 
SD of the median weight of a child of the same 
height and sex (National Center for Health 
Statistics (NCHS) standards). 


CONSENT 

Informed consent was obtained from each 
child’s parent or guardian. The study was 
approved by the ethics committees of the 
University of the West Indies and of the 
Ministry of Health, Jamaica. 


ULTRASOUND PROCEDURE 
Each study child had ultrasonography performed 
on three occasions: 

(1) Within 48 hours of admission (admission); 

(2) As soon as the acute signs of malnutrition 
had resolved but the child had not yet gained 
any appreciable weight (baseline). This was 
defined as the first point in time at which the 
children were oedema free and had gained 
weight at a rate of 5 g/kg/day, for three 
consecutive days. 

(3) Once the child had regained weight to 
within 1 SD of the median weight of a child of 
the same sex and height (NCHS standards) and 
had spontaneously reduced its appetite so that it 
was gaining weight at a normal rate (discharge). 

Control children were studied once. 

On each occasion, hepatic ultrasonography 
was performed using an Ultramark IV machine 
(Advanced Technology Laboratories) with a 5 
MHz probe, by the same investigator (JFD). 
Photographic prints were obtained at each 
study; these were randomly coded, shuffled, 
and sent to England. The extent of hepatic 
steatosis was assessed from the coded prints 
alone, independently and blindly with respect 
to the child’s diagnosis and the stage of recovery 
at which the study was performed, by a single 
assessor (EJA). The assessment was based on 
previously published criteria,'® modified to 
provide a numerical severity score. This ranged 
from 0=normal to 5=very severe. Mild steatosis 
was recognised by a slight increase in liver 
echogenicity and a slight exaggeration of the 
echo discrepancy between liver and kidney 
(grade 1). Moderate steatosis was accompanied 
by loss of echoes from the walls of the portal 
veins, resulting in a featureless appearance, 
with a degree of posterior beam attenuation 
and a greater discrepancy between the liver and 
kidney echo pattern (grade 3). Very severe 
steatosis was determined by a still greater 
degree of posterior beam attenuation, loss of 
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echoes from most of the portal vein, and a 
marked discrepancy between liver and kidney 
(grade 5)'°; grades 2 and 4 had intermediate 
appearances. 

Assessment of liver size was made by measur- 
ing the liver span, in the mid-clavicular line, 
using ultrasonographically determined surface 
markers. This measurement was standardised 
by expressing liver span as a percentage of body 
length. Span was not recorded in the control 
children. 


STATISTICAL ANALYSIS 

Statistical analysis was performed using the 
Systat Software package (Systat Inc). Non- 
parametric statistics (Kruskal-Wallis and 
Friedman analysis of variance (ANOVA) and 
Mann-Whitney tests) were used for comparison 
of the degree of hepatic steatosis, as the severity 
score is not a continuous variable. Parametric 
statistics (ANOVA) were used for analysis of 
the liver span data after testing for normality. 

A smoothing algorithm’* was used to assess 
the rate of disappearance of liver fat graphically; 
the program fits a line through a set of points 
using distance weighted least squares quadratic 
regression. A tension of 0:1 was used. The 
resulting lines are similar to those produced by 
the method of Cleveland.'° 


Results 

STUDY CHILDREN 

Children without oedema (undernutrition and 
marasmus) were older than the oedematous 
(marasmic-kwashiorkor and kwashiorkor) 
children (p<0-05), and a higher proportion 
were male (table 1). The undernourished children 
were not as stunted as the marasmic children: 
however, they were just as wasted (deficit in 
weight-for-height); this indicates that the two 
non-oedematous groups had had similar recent 
nutritional insults. The times between the three 
studies were not different among the groups. 

All three assessments were made on 51 of the 
55 children: one child was considered too ill for 
ultrasonography to be performed at admission; 
two children died (one with marasmuc- 
kwashiorkor after the admission, the other, with 
kwashiorkor, after the admission and baseline 
study); one child was inadvertently discharged 
before the final ultrasound. 


HEPATIC STEATOSIS 

The results are shown in fig 1. Control subjects, 
with one exception, had a steatosis grade of 0 or 
i. The exception was a 16 month old boy, 
resident in the children’s home, who was 
assessed as having grade 2 steatosis. Clinical 
examination of the child and conventional liver 
function tests were normal. The previously 
malnourished children, studied at follow up also 
had either grade 0 or grade 1 steatosis. 

At admission 51 of the 54 children had 
evidence of fat in their livers: the one child who 
was too ill for assessment, at this time, had grade 
5 steatosis at baseline. For each of the diagnoses, 
at both admission and baseline, the extent of 
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hepatic st2ates.s was significantly greater than 
the control ‘fig 1) (p<0°01). The extent of 
hepatic st2atesis was different within the four 
groups, a: each stage of the study (p<0-02). 
The grade was greater in children with oede- 
matous ma_nutrition than non-oedematous and 
greater in those with kwashiorkor than those 


with Marasmic-kwashiokor 


(p<0-001). 


Children svitbaut oedema, however, had appre- 


ciable hepatic steatosis (fig 1). 


Eight of 17 


children w-th marasmus and three of six with 
undernutrition had an hepatic ultrasound 
severicy score =2 both at admission and at 


baseline. 


RECOVERY OF ATTY LIVER 


Figure 2 shows the distance weighted least 


Table 2 Kee af mobilisation of hver fat during recovery 
from malmer nor. values are mean (SEM) 
Group No Rate constant “/day) 
In group baselme to discharge 
Undernutntioc 3 0 013 
12 0 008 to 004 
Marasmic-kvashiorxor lI 0-019 (0 0075 
Kwashiorkor 13 0016 (0 005: 
Non-oedemacous 15 0 009 (0 0041 
Oedematous 24 0 017 (0 004: 
All patents 39 0-014 (0 003) 


None cf the gronps were significantly different 


Table 3 Lever .1ze* ım malnourished chidcrer; values are mean (SD) 


Undernumition Merasmar Marasmc-kwashtorkor 
(n=6) (n= 18) (n=17) 

Admission $1 (2 a. BLOB 89 (2°1) 

Baseline &2 (0-9 FEA $5 (17) 

Discharge G2 (12 7€ (14) 83 (1:1) 


*Liwer size measured as liver span (cm)x10¥ieigkt of child (cm) 


Kwash-orkor 
(n= 14; 


95 (1-3) 
92 0D 
8°3 (1-0) 
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Figure2 The distance weighted least squares quadratic 
regression lines of the hepatic fat score tn the four groups of 
malnourished children unth nme. 


squares quadratic regression lines of the hepatic 
steatosis grade, with time from admission, by 
diagnosis. Over the time of observation there 
was a gradual reduction in the fat score, so that 
by discharge there were significantly lower 
scores (p<0°01) in each category (fig 1). 
However, only three of 29 children with an 
admission diagnosis of oedematous malnutrition 
and eight of 22 with previous non-oedematous 
malnutrition had attained a score of 0 by 
discharge. Furthermore, about one quarter of 
both the oedematous (seven of 29) and non- 
oedematous children (five of 22) had the same 
score (22) at baseline and at discharge; during 
rehabilitation, these children had not mobilised 
sufficient fat to alter the abnormal ultrasono- 
graphic appearance of their livers. If the intervals 
between the severity grades are approximately 
equal and the mobilisation of fat is exponential,” 
then a rate constant (K) for mobilisation of liver 
fat can be calculated for each of the children 
that had a score of greater than 0 at discharge. 
These constants, calculated between baseline 
and discharge, are shown in table 2. Overall 
only 1:4% of the liver fat was mobilised each 
day. There were no statistical differences 
between the rate constants of any of the 
diagnostic categories. 


LIVER SPAN 

The liver span was about 1 cm larger in 
oedematous than non-oedematous children at 
both admission and baseline; these differences 
were significant (table 3). There was no signifi- 
cant effect of time of study on the liver span and 
no interaction between time and diagnosis. 
Overall, there was no relationship between the 
degree of hepatic steatosis and the size of the 
liver. When the different time points were 
analysed separately there was a weak positive 
correlation between the liver span and the 
degree of hepatic steatosis at admission (Spear- 
man’s rho=0°308, p<0-05); the relationship 
was not significant at baseline or discharge. 


Za 


Ultrasonographic assessment of the extent of hepanc steatosis in severe malnutrition 


Discussion 

The precise pathogenesis of fatty liver is 
unknown. Several theories to explain its occur- 
rence in kwashiorkor have been proposed: 
endocrine abnormalities,’® increased fat synthe- 
sis,® redistribution from adipose tissue, !’ 
reduced lipoprotein synthesis,!® °? abnormali- 
ties of lipoprotein lipase,*° and peroxisomal 
dysfunction,*’ have each been put forward as 
playing a part. If the child recovers the fat 
disappears apparently without any long term 
sequelae.” 

The extent of liver fat in the present popula- 
tion was not measured directly; however, the 
cases were similar to those studied by Waterlow 
in whom the median amount of fat was about 
30-35% of total liver wet weight.” The distribu- 
tion of his cases in % fat classes and of our cases 
into grades was also similar. Thus, we would 
anticipate our grade 4 to correspond to Water- 
low’s 30-40% fat and our grade 5 to more than 
40% fat. Although this is an assumed corres- 
pondence between the grades and chemical 
composition, the extent of liver fat in these chil- 
dren is likely to be much greater than in the 
adult population in which the method was 
quantitatively validated. Nevertheless, our 
assessment was made in a masked fashion by an 
experienced ultrasonographer who had no 
knowledge of the subjects. 

The study confirms the frequency of fatty 
liver in children with oedematous malnutrition, 
although there are a few oedematous children 
without appreciable fatty liver (3-6%). However, 
our results also show that fatty liver is usually 
present in marasmus and undernutrition—non- 
oedematous forms of malnutrition. In the 
Wellcome classification of malnutrition,'! nutri- 
tional oedema is equated with kwashiorkor; 
however, fatty liver is part of the clinical 
syndrome of kwashiorkor.’ The finding, that 
fatty liver is frequently present in marasmus, 
blurs the differences between the Wellcome 
definitions of kwashiorkor and marasmus. 
Clearly, the Wellcome classification is useful, 
among other things, for studies of the patho- 
genesis of oedema whereas it is misleading if 
used for studies of the pathogenesis of fatty 
liver. 

The rate of clearance of the fat in the liver was 
remarkably slow, with up to one quarter of 
children not apparently metabolising any of the 
fat in their livers during recovery. Our figure of 
1-4%/day is in broad agreement with Waterlow’s 
two estimates of 5-5%/day and 0°9%/day, using 
different assumptions. If a 7 kg child has a 400 g 
liver, with 35% wet weight as fat (20 g hepatic 
fat/kg) and he mobilises 1-4%/day then only 
10°6 kJ/kg/day (2:5 kcal) is coming from 
hepatic fat. Even if the higher of Waterlow’s 
estimates is used, less than 40 kJ/kg/day is 
supplied from hepatic fat. This is a relatively 
tiny fraction of the energy consumption of these 
children, who become markedly hypermetabolic 
during their period of deg weight gain.” 
Their dietary energy p ly is closely related to 
their rate of movie} the children fre- 
quently consume 800 kJ/kg/day with 60% of 
this energy coming from fat; thus, children may 
oxidise 13 g fat/kg/day.? Clearly, during 
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recovery, they do not have a metabolic constraint 
on fat oxidation. Equally, the children increase 
their plasma lipoproteins within three to five 
days of admission to supranormal concentra- 
tions”®: there does not seem to be a difficulty 
with lipoprotein synthesis during recovery. 
Under these circumstances, one would expect 
the fat in the liver to be rapidly consumed. 
However, our data, and those of Waterlow’ 
indicate that the fat is mobilised slowly. The 
defects that form the bases for the current 
theories of the pathogenesis of fatty liver in 
malnutrition are quickly corrected during 
recovery from malnutrition: they are inadequate 
to explain the phenomenon of persistent hepatic 
steatosis. 

There was no overall association between 
liver size and liver fat despite the extensive 
steatosis at each stage of recovery. Our results 
emphasise that there is often severe fatty liver in 
malnutrition without significant hepatomegaly. 

Ultrasound can be used non-invasively and 
repeatedly to assess fatty liver in further studies 
of malnutrition. Ethical constraints preclude 
the use of liver biopsy in children that are 
relatively well. No data exist, therefore, on the 
extent of fat in the liver of ‘normal’ and mild or 
moderately malnourished children in developing 
countries. Our results show that fatty liver 
occurs in undernourished children and even in 
one of our control children, despite normal liver 
function tests. It is possible that the prevalence 
of fatty liver in children in the developing world 
is greater than is generally believed. 


This work was supported by the Wellcome Trust We are 
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Methotrexate for severe asthma 


Despite the major advances -n the treatment of asthma that have 
been made in the last quarter of a century or so there are still some 
patients who have severe and even life threatening asthma, although 
receiving maximal current cenventional therapy, and others who 
suffer the ill effects of regular high dose steroid treatment. Can 
anything else be done to help such patients? There have been 
reports of improvement ir adults with severe asthma after 
treatment with methotrexate and a recent paper from Kansas City, 
Missouri (Salomon Guss ard Jay Portnoy, Pediatrics 1992;89: 
635-9) gives details of a smal uncontrolled trial in children. 

Five girls and two boys aged between 3 and 14 years were 
treated. All had severe asthma and were receiving regular oral 
prednisone in doses ranging from 30 mg on alternate days to 60 
mg daily in addition to inhaled treatment with salbutamol, sodium 
cromoglycate, and beclomethasone, and oral theophylline. Two of 
the seven patients had frequent emergency department visits and 
hospital admissions but one of them was thought to be non- 
compliant with treatment. »iethotrexate was given in a starting 
dose of 2:5 mg once a week and the dose was increased by 2'5 mg 
every four weeks to a maximum of 17°5 mg in two patients, 12:5 
mg in three, and 7:5 mg in one. One patient was unable to tolerate 


the drug and had only two dases. 


No patient showed any improvement in the asthma in the first 
three months of methotrezate treatment but eventually three 
patients came off steroids and two were able to take a much 
reduced dose. Data are provided about spirometric measurements 
before and during treatmeat but they are difficult to interpret 
because we are not told when the values given were obtained and 
whether they represent an average over a period of time or single 
recordings. One patient shawed no response after treatment for 
six months. One 9 year old had all her treatment stopped by her 
family when her asthma improved after four months of metho- 
trexate. Two children apparently deteriorated and improved again 
when the course of methotrexate was interrupted and restarted. 

The authors try very hari, in my opinion too hard, to make a 
case for methotrexate. The~ emphasise the toxicity of steroids in 
comparison with methotrexate in a quite arbitrary fashion and 
their assessment of their results does not seem to be totally 
unbiased. For instance thev claim that methotrexate led to fewer 
emergency visits and admissions to hospital when it is quite clear 
from their data that thers was no significant effect in these 
respects. They point out in high falutin terms that the study was 
uncontrolled and therefore the value of the drug remains 
uncertain but they encouraze doctors to try the drug on a ‘give it 
and see’ basis. There is serious concern about the potential 
toxicity of methotrexate with pneumonitis, pulmonary fibrosis, 
and hepatic fibrosis being the main worries. In the present state of 
knowledge it seems to me tnat to encourage anything other than a 
strictly monitored controlled trial would be hard to justify. As far 
as treating individual patents is concerned, if there is a flag 
indicating “proceed with extreme caution’ it would seem appro- 
priate to wave it vigorously at this point. 
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New presentation Epanutin 300mg is 
the latest addition to the only branded 
range of phenytoin. 


Epanutin 300mg demonstrates equal 
bioavailability with 3x 100mg capsules.’ 
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Delayed surgery for congenital diaphragmatic 
hernia: neurodevelopmental outcome in 


later childhood 


Mark Davenport, Elise Rivlin, S W D’Souza, A Bianchi 


Abstract 

The long term neurodevelopmental outcome 
was assessed in 23 survivors born with 
congenital diaphragmatic hernia who had been 
managed by an elective delay in surgical 
repair after a period of stabilisation. This 
cohort was treated in one neonatal surgical 
unit between 1983 and 1989 by a single team 
of surgeons and anaesthetists. All children 
underwent comprehensive neurological, de- 
velopmental, and anthropometric assessment 
at a mean age of 56 (range 18-94) months. 
Two children (9%) had major disability (one 
with hemiplegia and one with a lower limb 
monoplegia) and two further children had 
minor disabilities (one had partial sightedness 
and squint, the other squint only). The mean 
developmental quotient (DQ) for the group 
was 108 (SD 10-8) and none had develop- 
mental delay (defined as DQ <70). Infants 
who had spent more time in hospital, or had 
had a longer duration of ventilation, tended to 
have lower weights and lower occipitofrontal 
circumference centiles in later childhood. 
Preoperative stabilisation and delayed surgery 
for congenital diaphragmatic hernia is not 
associated with an impaired neurodevelop- 
mental outcome. 


(Arch Dis Child 19923;67:1353-6) 


During the past eight years there has been a 
radical change in the surgical management of 
infants with congenital diaphragmatic hernia 
(CDH).'> Thus, in several centres, there has 
been a move away from the traditional policy of 
emergency surgical repair toward a policy of a 
delay in surgery until the infant is stable. This 
approach was instituted because of a realisation 
that the high mortality rates (of about 50%) 
were essentially related to the severe pulmonary 
hypoplasia and the associated raised pulmonary 
vascular resistance with marked right-to-left 
shunting. It had been appreciated that emer- 
gency surgical repair of the diaphragm with 
return of bowel into the abdomen had not 
helped survival, and may indeed have affected it 
adversely. 

In 1983 the policy on the neonatal surgical 
unit at St Mary’s Hospital, Manchester, was 
altered principally to emphasise the management 


of the pulmonary hypoplasia. The infants 


oxygen requirements were minimised and 
attempts were made, both to use available lung 
tissue to maximum effect, and to reduce the 
right-to-left shunt. Surgery was eventually 
offered, only after the acute phase, to those with 
stable pulmonary circulations whose only 


remaining reason for ventilation was the presence 
of a diaphragmatic hernia with bowel in the 
pleural space. Management included neuro- 
muscular paralysis and ventilation and correction 
of acid-base balance or haemodynamic distur- 
bances.! 

Though earlier reports of delayed surgery for 
diaphragmatic hernia have been encouraging,” 
with a trend towards improved survival, there 
has been no published study on the long term 
effects of this delayed surgery policy. This 
protocol implies an elective period of prolonged 
intensive care and resuscitation which, although 
apparently achieving greater survival rates, 
might be associated with an increased incidence 
of cerebral damage and later handicap. In the 
present study we have retrospectively examined 
our population of survivors after surgery with 
particular regard to their growth and neuro- 
developmental outcome. 


Patients and methods 

The neonatal surgical unit at St Mary’s Hospital, 
Manchester, is a regional centre receiving 
referrals from the north west of England 
(approximate birth rate 60 000 per annum). 
There were 23 children who had surgery for 
CDH between 1983 and 1989 and who lived 
within the Greater Manchester area. They 
attended outpatient clinics for neurodevelop- 
mental and anthropometric assessments which 
were carried out by a paediatrician (SWD’S) 
and a child psychologist (ER). The develop- 
mental assessment by Griffiths’s mental 
development scales (GMDS)° was carried out by 
the child psychologist who was unaware of the 
perinatal history or neonatal complications. 

Clinical and intensive care records were 
examined for the time to surgery, duration and 
type of ventilation (intermittent positive press- 
ure ventilation (IPPV) or continuous positive 
airway pressure), blood gas and pH measure- 
ments, complications such as persistent fetal 
circulation and the use of certain drugs, for 
example, tolazoline. 

Using the GMDS a general development 
quotient was calculated from the mean of 
six subquotients (locomotor, personal/social, 
hearing and speech, eye-hand coordination, 
performance, and practical reasoning). Age to 
first walking was also noted. Anthropometric 
data was collected from each child and included 
height, weight, occipitofrontal head circum- 
ference, and triceps and subscapular skinfold 
thickness. This was expressed according to 
the appropriate age corrected centile group 
using charts prepared by J M Tanner and 
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Table | Pernatal cerebral ultrasonography and neurological disability ın four suroivors following diaphragmatic hernia 


repatr 
Patent “"enscound Follow up 
No sam scan 
GMDS DQ 

l IVE, kft hemisphere, ischaemic 85 

ae 
2 IVH, ae ventricles = 0 
3 se t subepend - 
4 Normal 108 


Locomotor SQ Neurological findings 
59 Right bem , reduced head growth 
walked at 18 months 
133 Normal 
106 Parnally ted and squint; walked at 
24 months 
114 Left lower limb monopiegis 


DQ=development quotient; SQ=subquouent; [VH=intraventricular haemorrhage. 


R H Whiteacuse, and D Gairdner and J Pearson 
(Castlemead Publications, Herts). 

Data were =xpressed as mean (SD) or where 
there was a swnificantly skewed distribution as 
median (magz). Similarly, differences in group 
means were analysed by the unpaired Student’s 
t test or the Mann—Whimey U test, as appro- 
priate. To investigate the relationship between 
perinatal ~eriables and outcome, simple bivariate 
correlations were used in most instances (a 
Spearmar rank correlation coefficient (r,) was 
used :f either variable was non-parametric). A 
p value of <)-05 was regarded as significant. 


Results 

All 23 inant; had symptomatic diaphragmatic 
hernia (2! lect sided, one right sided, and one 
bilateral) presenting on the first day of life and 
had electrve surgery once the pulmonary 
circulation had stabilised. 

Twentr two of 23 infants were born at term 
with a m2an birth weight of 3080 g (SD 540); 
the remaia_nr infant was preterm and born at 33 
weeks’ ges-ation with a weight of 1700 g (<3rd 
centile). Surgery was performed at a mean age 
of 72 hoas (range 5-120 hours). All infants 
were venzileted before and after surgery 
(median duration of IPPV was 7 days, range 
1-35 days}. Neuromuscular paralysis was used 
in 2] ($1% of 23 infants. Tolazoline and 
dopamine were used in six (26%) and two (9%) 
infants respectively. Persistent fetal circulation 
was diagnosed clinically in six (26%) infants. 
Cerebral 1_trasound scanning was carried out in 
all the infenes and a structural cerebral abnor- 
mality was cetected in three (13%) (table 1). 
The median duration of hospital stay was 34 
days ‘ranez 12—110 days). Table 2 gives details 
of perinatal >lood gas analysis and ventilation 
variables im 23 infants. 

Children were examined at outpatient clinics 
at a median age of 56 months (range 18-94 
months). Table 3 shows the neurodevelopmental 
outccme. Neurological (including both hearing 


Table 2 Blood gas cralyses and venteton variables in 23 tmfants with congemtal 





avzphragmanc 
pH Mimmum Mazmur IPPV CPAP Maxton fractional 
(mix'max) oxygen cartor: (days) (days) inspiratory Oxygen 
tension domce {%) 
lens-a2 
(kPa) (kPa. 
Lean 717 51 %2 NA NA NA 
SEM 0-1/0 05 0 5: NA NA NA 
[4edian* NA. NA 7 l 80 
Range (6 *~7°4) NA (1-35) (0-5) (40-100) 


"A median (rang) value is quoted when the variable 1s significantly skewed. 
CPAP=continuots poste airways pressure; NA=not applicable 


and vision) examinations showed no abnormality 
in 19 (82%). Of the remaining infants, two (9%) 
had major disability (one had a lower limb 
monoplegia and one, right hemiplegia), and a 
further two had minor abnormalities (one had 
partial sightedness and squint; the other had 
squint alone). 

The mean (SD) GMDS general quotient for 
the group (n=23) was 108 (10°8); range 85-133. 
This was derived from six subquotients: loco- 
motor, 110 (18°3); personal and social, 113 
(11:2); hearing and speech, 110 (14-4); eye- 
hand coordination, 107 (13-1); performance, 
104 (13-8); and practical reasoning, 107 (14:3). 
Analysis of variance did not show any significant 
difference between these subquotient means 
(F ratio= 1'14; p=0°34). There was no signifi- 
cant correlation between the GMDS general 
quotient and any perinatal variable (time to 
surgery, period of IPPV, blood gas analysis, 
length of hospital stay}. The median age of 
walking was 12:5 months (range 10-24). There 
was no significant correlation between the 
GMDS general quotient or the GMDS locomotor 
quotient and the age of walking. There was 
moderate correlation between the age of walking 


Table 3 Neurodevelopmental outcome in 23 suroroors after 
delayed repatr of congenital diaphragmatic herma 

Index Mean (SD) Median (range) 
Time to walk (months) NA 12 5 (10-24) 
GMDS quotient- 108 (10 8) NA (101-114) 
Subguotents* 

Locomotor 116 ae NA (100-24) 
Personal and social 113 (11-2 A oo 
Hearing and speech 110 (14-4 

Eye—hand coordination 107 uD NA (98-115) 
Performance 104 (13 8) NA (97-114) 
Practical reasoning 107 (14:3) NA (97-120) 


Analys:s of vanance (F mtio 1-14, p=0 34); NA=not applicable 


75--80th a fs = —0-58 (p = 0-003) 
D 
= 50-75th on km A 
8 25-60th a a 
£ 
o 
g 10—-26th AA A 4 
g 310th Maa aa 
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Achieved weight centile at follow up versus duration of 
hospual stay ın 23 children after diaphragmatic herma 
repatr. 
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and length of IPPV (r,=0-41, p=0-05). Persis- 
tent fetal circulation in the neonatal period 
(n=6) did not influence attained GMDS 
(p=0°1) or the age of first walking (p=0°77). 

Height, weight, and occipitofrontal head 
circumference were all expressed according to 
age related centile charts. Thus, of 23 children, 
one was below the 10th centile for height, six 
below the 10th centile for weight, and three 
below the occipitofrontal 10th centile. There 
was significant inverse correlation between 
attained weight centile and both duration of 
IPPV (rs=—0:42, p=0°04) and duration of 
hospital stay (rs5=—0°58, p=0°003; figure). 
Similarly there was an inverse correlation 
between attained occipitofrontal centile and 
duration of IPPV (r5=—0°41, p=0-05). There 
was no relationship between the attained height 
centile and any perinatal variable. 


Discussion 

CDH is a condition with a high mortality rate, 
even when treated within specialised neonatal 
units.’ ® Antenatal diagnosis gives no indication 
of eventual outcome. In fact, mortality rates for 
CDH may actually increase because antenatal 
diagnosis allows for planned delivery, close to 
the surgical unit, of non- survivors with severe 
pulmonary hypoplasia.” 

The preoperative and postoperative course in 
these infants 1s characterised by episodes of 
reversion to the fetal type of circulation with 
rapid swings in blood pH, blood pressure, and 
blood oxygen tensions. While the long term 
effects on respiratory function have been well 
documented in children with a history of CDH, 
their neurodevelopmental outcome is not clear. 

There have been several recent studies on 
neurodevelopmental outcome seagate! a period 
of extracorporeal membrane xygenation 
(ECMO) in the neonatal period. “roe Thus 
Adolph et al, reviewed 57 children who had 
survived after ECMO for various conditions 
including CDH (although the proportion was 
not specified).'° Using Bayley scales of infant 
development (mental development index (MDD 
and a psychomotor development index (PDD) 
they found that 25% scored less than normal 
(defined as under 85) on the MDI while 12% 
scored less than normal on the PDI. There was 
one child (2%) with a major neurological 
abnormality. If infants receiving ECMO are 
from a similar population to our own (that is, 
sustaining severe episodes of hypoxia, acid—base 
disturbances, and difficult ventilation) then the 
neurological outcome reported here appears to 
be similar. 

The early neurodevelopment outcome in 
children after various types of neonatal surgery 
(but without ECMO) has been the subject of a 
previous study. '° In this, there was a significant 
reduction in the attained development quotient 
at l year of age in those children who had 
surgery as compared with control children who 
did not. This occurred in a heterogeneous group 
of infants of different gestational ages in whom 
surgery was carried out for various conditions 
such as abdominal wall defects and intestinal 
atresias. This study also showed that the severity 
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of illness within the first month of life and the 
length of hospital stay might be followed by 
reductions in attained developmental scores.’ 
A longer term (mean age of testing 10 years) 
psychosocial and growth study has previously 
been reported in children with neonatal repair 
of abdominal wall defects and imperforate 
anus./* These authors found a normal distribu- 
tion of both anthropometric indices and 
developmental achievement in their population 
of 56 children. 

The first few days of life represent a critical 
period during which the child with CDH is at 
risk of developing damage from hypoxia, hyper- 
capnia, and acidosis.!° '© It has recently been 
determined in preterm infants (less than 32 
weeks) that the presence of periventricular 
leucomalacia (presumed to be due to ischaemic 
brain injury) diagnosed in the first two hours of 
birth may have been acquired either antenatally 
or during the birth process.'’ Other studies 
have suggested that most hemiplegias in term 
infants may, in fact, be of prenatal origin.'® In 
the present study one child had a hemiplegia 
and an abnormal brain scan (patient 1, table 1). 
This child did require a prolonged period of 120 
hours ventilation before surgery. The other 
child with a monoplegia had no obvious clinical 
complications which may have predisposed to 
brain damage. Routine ultrasound brain scans 
during the neonatal period had shown no 
abnormality. Thus, the precise time and reason 
for brain damage in this child is not clear. Two 
further infants had abnormal brain scans (table 
1). One developed partial sightedness, a squint 
and some delay in walking, whereas the other 
had no detectable abnormality in later child- 
hood. 

The period of hospitalisation in our infants 
may have influenced their subsequent growth. 
The present findings suggest that infants who 
spent more time in hospital or required a longer 
duration of ventilation tended to follow a lower 
weight centile and a lower occipitofrontal centile 
in later childhood. Whether this relationship is 
due to the severity of their original condition or 
to other factors, such as early nutrition, remains 
speculative. Insufficient early nutrition may 
have played a part, as it is well known that the 
quality and quantity of the early diet can have a 
significant later effect on weight, length, and 
head circumference.!? It is possible that the 
length of stay was not in itself significant, but 
rather a reflection of the child’s failure to 
establish a satisfactory weight gain. Thus, 
careful attention to sustained nutrition 
(parenteral or enteral) from an early stage 
might have a significant impact on long term 
physical outcome. 

In a previous study? we have shown that an 
initially conservative policy designed to over- 
come the life threatening consequences of 
pulmonary hypoplasia and raised pulmonary 
vascular resistance, with subsequent diaphrag- 
matic surgery when stability has been achieved, 
is associated with improved survival. In this 
study we show that this improvement does not 
occur at the expense of a poor neurological 
outcome or development delay in the survivors. 
There is a suggestion from our study that 


somatic growth in survivors may be affected 
and, in parcicular, the ability to gain weight. 
The actual cause for this is unclear and requires 
further careful evaluation. 


We thank Mr £ ] J Cohen, Miss C M Doig, and Mr D S C Gough 
for allowing us tc study their patients. 
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Adult height in constitutionally tall stature: 
accuracy of five different height prediction methods 


E E Joss, R Temperli, P E Mullis 


Abstract 

The accuracy of height predictions at various 
ages based on five different methods (Tanner- 
Whitehouse mark I; Tanner-Whitehouse 
mark II; index of potential height; Bayley- 
Pinneau; Roche-Wainer-Thissen) was com- 
pared at yearly intervals with final height 
achieved in 32 boys (78 predictions) and 100 
girls (227 predictions) with constitutionally tall 
stature. The boys were initially seen at a mean 
(SD) chronological age of 12-5 (3) years 
whereas the mean chronological age in girls 
was 11-8 (2-1) years. 

In tall boys Tanner-Whitehouse mark II 
gives a good estimation of final height up to 
the bone age of 13 years with a mean over- 
estimation of 1 cm. The overestimation of 
final height is higher in the bone age groups 
13-14 years (2-7 cm) and 14-15 years (3-4 cm) 
mainly due to the tall boys with a height 
greater than 3 SD scores. Up to the bone age 
of 12 years the final height is massively 
overestimated by the Bayley-Pinneau method 
but this method give relatively accurate esti- 
mations thereafter. The estimated confidence 
limits are large (+8 cm) for the two methods 
up to a bone age of 15 years. 

In tall girls the Tanner-Whitehouse mark H 
method was accurate from bone age nine to 12 
years but overestimated final height in the 
bone age groups 12-13 years and 13-15 years 
by a mean of 1-8 and 1-4 cm respectively. The 
Bayley-Pinneau method overestimated final 
height in the bone age groups 12-14 years 
whereas the height predictions are accurate 
thereafter. Up to a bone age of 13 years the 
estimated confidence limits for the two 
methods are large, +7 cm, but tend to 
improve thereafter. 

It is concluded that there is no best or most 
accurate method for predicting adult height in 
tali children. There are methods of first 
choice differing with respect to sex and bone 
age. In addition, correcting factors may 
improve their accuracy and correct their 
tendency to overestimate or underestimate 
adult height. 


(Arch Dis Child 1992;67:1357-62) 


In constitutionally tall children the prediction of 
adult height is a major parameter for deciding 
whether or not any treatment should be given. 
Methods of prediction of adult height are 
mainly based on growth data from children of 
normal stature selected more or less at random 
and followed from infancy to adulthood.!° To 
date only the Tanner-Whitehouse mark II 


equation has included samples of tall children.’ ° 
Thus applying standard equations for determin- 
ing adult height to children with growth dis- 
orders may not give accurate results. 

If treatment is given an accurate prediction of 
adult height is an important element in monitor- 
ing its influence on growth and skeletal matura- 
tion. The evaluation of the extent to which any 
given treatment has reduced the adult height is 
based on the difference between the predicted 
and attained adult height. The criteria for a 
good prediction method are reasonable accuracy 
over a large age range, small prediction error, 
and, if possible, validity for tall and for normal 
children. 

This study was performed to investigate and 
re-evaluate retrospectively growth data deriving 
from untreated tall children who were referred 
to our growth clinic at the paediatric department 
in Berne and whom we followed up until their 
adult height was achieved. 


Patients and methods 

PATIENTS 

Thirty two boys and 100 girls entered the study. 
At referral the mean (SD) age was 12-5 (3) and 
11:8 (2:1) years in boys and girls respectively. 
The mean (SD) bone age ratings were 13-0 (2:6) 
years in the boys and 12-1 (1°8) years ın the girls 
according to Greulich and Pyle. All the subjects 
were followed up until adult height was achieved. 

The criteria for inclusion were tall stature 
(greater than two SD scores according to the 
first Zurich longitudinal study of growth and 
development!”) without any disorder explaining 
the tall stature; the subjects were in good 
health. 

A total of 78 (boys) and 227 (girls) predictions 
of adult height were performed in the 32 boys 
and 100 girls at yearly intervals. Adult height 
was assumed when either two height measure- 
ments within six months were equal or the bone 
age estimated by the method of Greulich and 
Pyle? was 218-25 years in boys and 216-75 
years in girls representing the achievement of 
99:8% of their adult height. The remaining 
growth potential of 0:2% was judged to be 
within a possible error of measurement. 

The subjects were divided into two groups, 
one consisting of patients with a height of 
=3 SD scores!’ and another of patients with a 
height >2 SD scores and <3 SD scores.'° In 
adddition subjects with an accelerated bone age 
of more than two years were analysed separately 
and reported whenever the data of the distinct 
groups were different. 

The overall mean adult height in boys was 
194-0 (2:6) cm. Only four of the 32 boys initially 
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had an accelerated bone age of more than two 
years and -Łeir median adult height was 193-7 
cm. 
The overall mean adult height in girls was 
177:3 <2°2) cm. Seventeen of the 100 girls 
initially showed an accelerated bone age of more 
than two yeers and their mean adult height was 
174-2 cm. In addition four girls presented a 
retarde] bome age (22 years) when they were 
first seen aac reached the mean adult height of 
180°6 cm. 


HEIGHT MEASUREMENT 

All measur2ments were taken using a Harpenden 
stadiometer with the technique of gentle upward 
pressure applied under mastoid processes to 
stretch the child to maximum stature. Measure- 
ments were performed by the staff of the 
paediatric eadocrine clinic and checked by a 
paediatric emdocrinologist. The height data are 
expressed az SD scores for chronological age 
using the tables derived from the first Zurich 
longitudinel study of growth and development.!° 
We measured three tall children on three 
different occasions to define the intra-assay and 
interassay coefficients of variation. The intra- 
assay coeffiz:ent of variation was 0°08, 0°06, and 
0:09% at 164:7, 176°3, and 186°5 cm respec- 
tively. The interassay coefficient of variation 
was 0°29, O31, and 0°34% at 164°7, 176°3, and 
186:5 cm resectively. 


BONE AGE 

Radiograpks of the hand and wrist were taken 
and rated eccording to the methods described 
by Greulick and Pyle? and by Tanner et al.” 7 In 
this study all the bone ages were analysed by 
RT. 

When using the Greulich and Pyle method? 
the carpal bones are excluded from the estimation 
of the bone aze according the recommendations 
to Roche et a.f and Lenko.’ 

We determined the radius-ulna-short (RUS) 
bone score 3: the Tanner-Whitehouse 2 system 
(TW2-E.US).2 7 The total scores of the ratings 
were not eralysed according to the orginal 
tables tased on the Harpenden growth study 
but accord:rg to those of the more recent 
Zurich long tudinal growth study (TW-ZH).° 


EQUATICNS OL PREDICTION OF ADULT HEIGHT 
Tanner-V nzeacuse mark I 

This equaticn is based on three variables 
namely reight, chronological age, and bone age 
(TW-ZH)! - 7° and, in addition, the girls are 
separated ixo premenarcheal and postmen- 
archeal. Taking the midparental height into 
account a cctrection factor (one third of the 
difference of rmidparental height of the subject 
and the mid>arental height of the population 
(midparental height Zurich=171°3 cm))'° can 
be added tc -zhe prediction calculated between 
the bone age of 9 and 14 years and between the 
bone age of 7 and 13 years in boys and girls 
respectively 


Tanner-W hise-touse mark II 
This revised method replaced the Tanner- 
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Whitehouse mark I equation described in 19757 
and is based on samples that include tali and 
short children.” This method can be used with a 
minimum of three variables (chronological age, 
bone age, height) but additional equations are 
given when the height velocity or the change in 
bone age, or both, are known. This can improve 
the prediction mainly at a bone age of over 8 
years in girls and 11 years in boys.” 


Index of potential height method 

This method described by Lenko and coworkers 
is based on the assumption that the height SD 
scores for bone age remains constant up to the 
final height.’ '! For calculation we used the 
mean and SD scores of the Zurich longitudinal 
growth study!’ and the bone age (TW2-RUS) 
adapted to these norms (IT W-ZH). 


Bayley-Pinneau equation 

This equation is based on bone age estimated by 
the method of Greulich and Pyle.” There are 
separate tables for normal, retarded (greater 
than or equal to one year) and accelerated 
(greater than or equal to one year) bone age. As 
the Swiss population seems to be retarded by 
six months compared with the group studied by 
Greulich and Pyle we used, according to the 
suggestion by Zachmann, the tables for retarded 
bone age if the bone age was retarded =1°5 


Roche-W atner-T hissen 

Recumbent length is required for the Roche- 
Wainer-Thissen predictions.°® As in our 
patients only the standing height was available, 
1 cm was added to this value for the calculation 
of adult height prediction. 


Results 

Predicted adult height minus attained adult 
height was calculated for each of the five predic- 
tion methods. Therefore positive results 
indicated overestimation whereas negative 
results indicated underestimation of the predic- 
ted adult height by the method applied. The 
figure shows the mean (SD) values of these 
differences for each bone age year interval. 


BOYS 

Tanner-Whuehouse mark I equation 

The Tanner-Whitehouse mark I method gave 
reasonably accurate results up to a bone age of 
13 years but tended to slightly overestimate 
height for a bone age of 13-15 years. Dividing 
the patients with a bone age between 13 and 15 
years into two groups, namely a group with a 
height SD score between 2 and 3 and a group 
with height 23 SD scores, it became clear that 
the overestimation in that age group was due to 
the tall boys (=3 SD scores) and that the predic- 
tion was accurate for the boys with a height 
between 2 and 3 SD scores. The overestimation 
of final height in the very tall boys (23 SD 
scores) with a bone age of 13-14 and 14-15 
years was 6°2 and 4°5 cm respectively whereas it 
was only 0-5 and 0°8 cm in the same bone age 
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groups in boys with a height between 2 and 3 
SD scores. In the bone age group = 16 years the 
method is of no use. This is highlighted by the 
fact that some patients were already taller than 
the predicted adult height at the time of the pre- 
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diction. Surprisingly the correction factor for 
midparental height did not improve the results; 
on the contrary the overestimation in the 
younger bone age groups was increased (data 
not shown). 


Girls 
n°5 11 17 #18 56 32 22 7 24 


Acm 





9 10 tt 12 13 14 15 16 


ng 11 #17 17 53 30 22 7 24 
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Devranon (A, e srt i i edicnion from actually achteved final height ın subjects with consntunonally tall stature. 
Abbreviations us pen hka mask T IT=Tanner-W, e mark II; IPH =mdex of potential height; 
BPe Barley Paececus RITE Roche-Wamer-Thissen. Overall mean (SD values are shown. Results are presented tn 

age s. The radius, ulna, and short bones method of Tanner et al’ on the data of the Zurich longitudinal growth 
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s age and the Greulich and Pyle? rating were used forthe T I, TIl, IPH and BP, RWT prediction methods 
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Tanner-Wrrehouse mark II equation 

In general te same results were found as for the 
Tanne--Whitehouse mark I method. The 
Tanner-W_terouse mark IT method tended to 
overestimate slightly more in the bone age 
group 14-15 rears. On 12 occasions we were 
able to intecctuce height velocity and increment 
of bone ag2 as a variable in the equation. This 
did not im>-ore the prediction compared with 
that derived from the three variables equation 
(data not shcwn). Similar to the Tanner- 
Whitehouse mark I method the mean over- 
estimation -r the bone age groups of 13-14 and 
14-15 years wa3 more pronounced (4°5 and 5-9 
cm respectively) in the tall boys (height =3 SD 
scores) thar sn boys with a height between 2 and 
3 SD scores (1-@ and 2°5 cm respectively). Up to 
the bone age of _5 years the estimated confidenze 
limits o7 prediction are +8 cm for the Tanner- 
Whitehouse mark I and Tanner-Whitehouse 
mark II estixration methods. 


Index of poteraial height method 

A marked -1nd2restimation was seen up to a 
bone age o7 16 years. The results thereafter 
were accurate, bowever. 


Bayley-Pinn2cu 2quation 

This method overestimated the prediction with 
estimated confidence limits of prediction of +10 
cm up to the bone age of 15 years. In the older 
bone age grcups the method was accurate with 
confidenze limit: tending to decrease. 


Roche-Watner-T atssen equation 

This method gave a reasonably accurate predic- 
tion up to the bone age of 12 years followed by a 
slight underestimation during the bone age 
period of 12~_4 years which gave way again to 
accurate pred_coon values for a bone age of 
14-16 years. 


GIRLS 

Tanner-Whitepuce mark I equation 

Although the method was reasonably accurate 
in girls with a bone age between 9 and 16 years 
it overestima7ed the adult height in the group 


Table 1 Recommended heigki predicuon methoa for tall boys. Mean deviations (cm) of 


predicted from 


achieved final height are g-ren. as correcnon factors to subtract or add 


from ‘fe calculated adult hagktobtamed ustrg the carious predicnon methods 


IPH al =2 SDS 
BP all >23DS5 
RWT al >2 SDS 


Est meted confidence ints 
(2 SD) fœ- all methods (cm) 


Fone age (years} 
<I} 1-12 JI2-33 13-14 14-15 1§~16 >16 
— mre D6 26 18 — — 
= sae — 05 08 — — 
= a = 6'2 45 an = 
19 0-9 29 2:7 34 —— — 
— a — 16 25 — — 
= ~— = 4°5 5-9 = — 
=e Ta ae: pati —0-33 1°4 00 
E me 13 id 25 > 07 
—)2 -05 — a 02 = Bis 
3 8 å 8 8 2'5 iS 


*The racLus, ulna, end short bones method of Tanner r: cl” based on data from the Zurich longi- 
tudina. growth study!’ w—s used For the Tanner-Whitebouse mark I, Tanner-Whitebouse mark II, 
and Index of potential height mettrods and the Greulim an= Pyle? rating for the Bayiey tinea and 


Roche-Wainer-Thissen methods. Abbreviations: T I=Tarner-Whitehouse mark 


Il=Tanner- 


Whitehcıse mark II; [PE =1ndes of potential height, BP=Bayley-Pinneau, RWT=Roche-Wainer- 
standard devia 


Thissen. &DS= 


tor score. 
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with a bone age of less than 9 years and tended 
to underestimate in the group with a bone age 
>16 years in such a way that some girls were 
already taller than the predicted adult height. 
Notably girls who presented a bone age that was 
accelerated compared with their chronological 
age (greater than or equal to two years) showed 
an overestimation of adult height in the age 
groups 13-14 years of 3:1 cm in contrast to 1°2 
cm in girls without bone age acceleration. In 
addition, as was seen in boys, the correction 
factor for midparental height made the adult 
height prediction even worse. 


Tanner-W hitehouse mark IT equation 

In general the same results were found as when 
using the Tanner-Whitehouse mark I equation. 
Eighty seven predictions were performed using 
the additional variables (height velocity or 
increment of bone age, or both). A small but not 
significant improvement in accuracy of the 
prediction of adult height compared with the 
predictions obtained using the Tanner- 
Whitehouse mark J method was found (data not 
shown). 


Index of potential height method 

This method was inaccurate and of no use in the 
bone age groups less than 12 years. Between a 
bone age of 12 and 16 years a slight overestima- 
tion was found. 


Bayley-Pinneau equation 

The adult height was overestimated in the bone 
age groups less than 9 years. In the bone age 
group 10-11 years the overall underestimation 
was mainly due to the girls with an accelerated 
bone age of more than two years. The under- 
estimation in these girls with an accelerated 
bone age was 5:0 cm in contrast to the 1-3 cm in 
girls with a non-accelerated bone age. There 
was a tendency to overestimate in the bone age 
groups 12~13 years. The method gave relatively 
accurate results thereafter. 


Roche-Watner-Thissen equation 

Although this method generally underestimated 
the adult height it could be useful for the bone 
age groups less than 9 years and 12—14 years. 


The estimated confidence limits for all height 
prediction mentioned are +7 cm up to a bone 
age of 13 years and +4 cm thereafter, present- 
ing a tendency for improvement. 

Tables 1 and 2 give the prediction method 
recommended for boys and girls together with 
the correction factors that have to be added to 
the calculated predicted adult height. 


Discussion 

Tall boys and an even larger number of tall girls 
are referred to paediatric endocrine clinics 
because information is requested regarding 
future growth potential. Comparison of actual 
and parental height, estimation of bone matura- 
tion with appropriate standards, and prediction 
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Table 2 Recommended prediction method for tall giris. Mean deviations (cm) o | eens from actually achieved final 
height are gwen as correction factors to subtract or add from the calculated adult height obtained using the various predicuon 
methods 
Predicnon method* Bone age (years) 

<9 9-10 igi {1-12 12-13 13-14 14-15 15-16 >16 
T I: all >2 SDS — 0°4 0-2 01 0-6 1-4 -02 —0°3 —- 
T I: 2 SDS—-3 SDS ad ~= —-1-3 — — _ — — — 
T r >3 SDS oe — 1-9 — m ni ae = pa 
T O: all >2 SDS — 0°2 0-5 02 1-8 14 14 0-9 — 
IPH: all >2 SDS -l oa — — 07 19 14 1:0 — 
BP: all >2 SDS oe — — 0'1 — _ 13 0-9 0:3 
RWT. >2 SDS 00 -l — — ~0°8 0-1 —— — — 
Estımated confidence Limits 
(2 SD) for all methods (cm) 7 7 7 7 7 40 3-0 2-0 10 


*The radius, 


and short bones method of Tanner et al” based on data from the Zurich longitudinal growth study’? was used for the 


ulna, 
Tanner-Whitehouse mark I, Tanner- Whitehouse mark I, and index of potenual height methods and the Greulich and Pyle’ rating for 
the Bayley-Pinneau and Roche-Wamer-Thissen methods Abbreviauons. T [=Tanner-Whitehouse mark I, F H=Tanner-Whitehouse 


mark 


of adult height are important tools for deciding 
whether or not any treatment is indicated. 
Height predictions are calculated using any of 
the methods described here. We have to bear in 
mind, however, that these equations have been 
developed for normal children, not for children 
with growth disorders.’ Only the height pre- 
diction method reported by Tanner and 
coworkers based on a large number of normal 
children had included samples of tall 
children.’* Applying these methods of predict- 
ing adult height to series of tall children until 
ultimate adult height is reached allows a com- 
parative evaluation of these different equations. 
We analysed the validity, variability, and 
accuracy of the five commonly used methods of 
height prediction in 32 boys and 100 girls. This 
study clearly shows that there are different 
systematic errors (error between mean values of 
predicted height and adult height achieved) in 
the equations applied for predicting adult height 
depending on sex and on bone age at the time 
when the prediction was performed. It should 
be emphasised that there is no best or most 
accurate method; each method has its advan- 
tages and disadvantages under specific circum- 
stances. Thus it is important for clinicians and 
investigators using height predictions to 
evaluate the effect of treatment to know the 
tendency of each method to underestimate or 
overestimate adult height. We suggest that the 
equation should be selected according to sex 
and actual bone age of the subject and should 
take into account the mean difference between 
predicted height and adult height achieved 
(systematic error) as a correction factor to add 
or subtract from the calculated adult height 
(tables 1 and 2). This procedure undoubtedly 
increases the accuracy of the prediction made. 
Bramswig et al compared height predictions 
with ultimate adult height in boys with untreated 
constitutionally tall stature and found similar 
systematic errors by using Tanner-Whitehouse 
mark I, Bayley-Pinneau, and Roche-Wainer- 
Thissen methods of prediction of adult height.!* 
In contrast Zachmann et al reported excellent 
results in predicting adult height with the 
Tanner-Whitehouse mark I, Bayley-Pinneau, 
and Roche-Wainer-Thissen methods.'* Unfor- 
tunately boys and girls were not separately 
reported and therefore no direct comparison 


, IPH=index of potenta! height, BP=Bayley-Pmnesu, RWT=Roche-Waimer-Thissen; SDS=standard deviation score 


with our results is possible.‘ As adult height 
predictions have been rarely documented in a 
large number of untreated constitutionally tall 
girls our data have to be compared with control 
data derived from studies on the effect of 
oestrogen treatment in tall girls.” 17° These 
data are not consistent, however. Although 
some workers described an overall over- 
estimation of the adult height using the Bayley- 
Pinneau method!’ 16 187 others reported 
accurate results applying the same method,!” '” 
which only agrees with our data found for the 
bone age groups 12-15 years. Furthermore 
John and Schellong”° and Sorgo et al’? described 
in tall girls with a mean bone age of 13-5 years 
accurate height predictions using the Tanner- 
Whitehouse mark I method and we found an 
overestimation for exactly that age group. In 
addition Zachmann et al found an improvement 
in the accuracy of the Tanner-Whitehouse mark 
I method when the correction factor for mid- 
parental height was added.’* In contrast our 
results and those of Sorgo et al’ did not support 
the conclusion that a correction factor for 
midparental height improved the accuracy of 
the predictions of adult height. 

It is of importance to note that all prediction 
methods used in our study had in addition to a 
systematic error a large relative error (SD of 
mean values of the prediction method used) in 
predicting adult height up to a bone age of 13 
years in girls and 15 years in boys. In other 
words an accurate prediction 1s not possible 
until the peak height velocity has passed. There 
are two main reasons for this observation, which 
not only occurs in tall but also in normal children 
and children with short stature. First, the bone 
age, the basic variable of any prediction method, 
is not a well defined measurement and is 
dependent on human assessment.*! 7? Like any 
other measurement, the bone’ age rating is 
subject to an interobserver (comparability) and 
an intraobserver (replicability) error.” The 
smallest differences in the bone age rating 
therefore result in a considerable difference in 
adult height prediction when methods that rely 
heavily on the bone age rating, such as the 
Bayley-Pinneau* and index of potential height 
methods? '' are used. Furthermore using the 
Greulich and Pyle atlas it is noteworthy that for 
girls the radiographs depicting the age standard 
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11 and 12 years are similar.? Second, puberty 
and its groth spurt are dynamic processes that 
are nct ccosistent. In addition the height gain 
during the >ubertal growth spurt is variable and 
by no meens concordant with the bone age 
advancem2at. Thus in consulting with patients 
the large confidence limits of the predictions 
must be discussed and it is wise not to give an 
exact valu2 for the adult height to be achieved 
but rather the possible range of prediction. 
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Incidence of hepatic hamartomas in tuberous 


sclerosis 


S Jóźwiak, M Pedich, P Rajszys, R Michalowicz 


Abstract 

Hepatic hamartomas were thought to be a rare 
finding in patients with tuberous sclerosis. 
The purpose of this study was to assess their 
incidence in children with tuberous sclerosis 
and to review the literature. 

During 1984-90 we examined 51 children by 
ultrasonography; there were 25 boys and 26 
giris. Their age ranged from 3 months to 18 
years. Liver hamartomas were seen in 12 
(23-5%) of the children, more often in girls 
than boys (5:1). Their incidence increased 
with age reaching 45% in children over the age 
of 10. They did not produce any symptoms of 
hepatic dysfunction. 

Our study and review of reported cases 
prove that hepatic hamartomas are a common 
finding in patients with tuberous sclerosis and 
may be very helpful in providing a more 
accurate diagnosis and consequently help in 
genetic counselling. 


(Arch Dts Child 1992367:1363-5) 


Tuberous sclerosis is a genetic disorder with 
multiple hamartomas, autosomal dominant 
inheritance, variable expressivity, and high 
penetrance. Its expression may vary greatly 
with some individuals showing no clinical signs 
of the disorder and others manifesting severe 
seizure disorders, mental retardation, and 
involvement of multiorgan systems including 
skin, brain, heart, kidneys, retina, and liver. 

The most common visceral lesions are renal 
angiomyolipomas, which have been studied 
extensively by others and are found in 52-89% 
of patients. ? 

Hamartomas of the liver in association with 
tuberous sclerosis are usually found incidentally 


Table I Ultrasonographic findings m 12 children and three parents with liver hamartomas 
ted with tuberous 


associa 


sclerosis 





Case Age Sex Ler leson Associated kidney lesion 
No (years) 

l 12 F Muluple, largest 0°7 cm AML 

2 12 F Muluple, 5-0 7 cm, calcification, AML 

ngit lo 

3 10 F Single, calcification, right lobe AML, cysts 

4 15 M S 0-6 cm, left lobe None 

5 8 F Multiple, 0-5-0 7 cm None 

6 13 F M 07 cm AML 

7 5 F Mulnople, 0:5 cm None 

8 9 F Multuple, 0-5-0-8 cm AML, clear cell sarcoma 
9 0-7 F Muluple, 0°5 cm AML 
10 6 M S » 07 cm, nght lobe AML 
Il 8 F Mulople, 0 5-0 7 cm AML, cysts 
12 13 F Multiple, largest 0°8 cm AML 
13 35 F Muluple, largest 2:5 cm AML 
14 22 F 0-7 cm, nght lobe AML 
15 4} M Mulnple, 0°50 8 cm None 
AML=angtomyolipoma 


, on postmortem examination,’ * with selective 


angiography,’ computed tomography,®? or 
by ultrasonography.'°’ The incidence of 
hepatic lesions, however, has been evaluated in 
only one large study.” 

We evaluated the incidence of hepatic 
hamartomas in children with tuberous sclerosis 
and reviewed the literature on previously 
reported cases. 


Patients and methods 

During the period 1984-90 we examined 51 
children by ultrasonography; there were 25 
boys and 26 girls. The age of patients ranged 
from 3 months to 18 years (mean age 6°8 years). 
There were 20 patients under 5 years of age, 20 
children between 5 and 10 years, and 11 
patients over the age of 10. 

The diagnosis of tuberous sclerosis was 
established in all patients by careful history 
taking and examination of the skin, nails, hair, 
and eyes according to the Gomez criteria for 
tuberous sclerosis.'* Cerebral computed tomo- 
graphy and ultrasonography of the heart were 
also done. 

Ultrasonographic examinations of the upper 
abdomen were performed with a sector scanner, 
using a 3°75 or 5 MHz transducer to evaluate 
the liver, kidneys, pancreas, and spleen. Four 
parents with tuberous sclerosis were examined 
by the same method. 


Results 

Hepatic hamartomas were seen in 12 (23°5%) of 
the 51 examined children. They were found 
more often in girls than boys (5:1) and their 
incidence increased with age. 

Areas of increased echogenicity compared 
with the surrounding hepatic parenchyma were 
found in two out of the 20 children (10%) below 
the age of 5 years (an 8 month old girl and a 1°5 
year old boy), in five out of the 20 children 
(25%) between 5 and 10 years, and in five out of 
the 1] patients (45%) over the age of 10. 
Usually, the hamartomas were multiple (n=9) 
and localised in both liver lobes. They all 
measured from 0°5 to 0°8 cm in size. Calcification 
in these lesions was found in two girls aged 10 
and 12 years (table 1). 

In nine out of 12 children with liver involve- 
ment ultrasonography also revealed multiple 
bilateral angiomyolipomas of the kidneys. In 
two of these children renal angiomyolipomas 
coexisted with cysts and in one 9 year old girl, 
renal angiomyolipomas coexisted with a clear 
cell sarcoma. After several years of good health, 


12€4 


during wkich this girl did not come for follow 
up examination, she developed a relapsing 
fever. Exceot for the hepatic hamartoma, ultra- 
sound stucly of the kidneys showed a large 
tumour of ®*6X9 cm in the right kidney and 
bilateral, multiple angiomyolipomas. She 
underwent ~adizal nephrectomy but died three 
months aft2- surgical intervention. 

In none 2f the children, with the exception of 
the girl w: renal clear cell sarcoma, did we 
observe anv clinical symptoms or signs of 
hepatic or renal dysfunction. The blood pressure 
and all bicchemical tests including concentra- 
tions of electrolytes, serum creatinine, and uric 
acid and activities of alkaline phosphatase, 
glutamic oxeloacetic transaminase, and glutamic 
pyruvic tramsminase were within normal limits. 
There was 2 blood or protein in the urine. 

Hepatic 1 amartomas were seen in three out of 
four parents with tuberous sclerosis: two women 
and one maa. Eoth women, 22 and 35 years of 
age, demonstrated hepatic hamartomas coexist- 
ing with multiple renal angiomyolipomas. 
Similar chamges, both hepatic and renal, were 
revealed ir their daughters, 8 months and 12 
years of sge., respectively. Ultrasonographic 
examinatioa of the 41 year old man showed 
multiple kepatic hamartomas and a normal 
picture of tcth kidneys. 


Discussion 

For many years hepatic hamartomas were 
regarded æ an unusual finding in tubercus 
sclerosis. Ecwever, we have found 28 patients 
with tubercts sclerosis and liver involvement in 
the medical Lterature (table 2). 

The inc&ience of hepatic lesions has been 
evaluated 02_y in two reports.° } Compton et al 
demonstrat2d vascular tumours of the liver with 
coeliac angrzraphy in five out of eight patients; 
their ages were 10 months (two patients), 11:2 
and 29 yeers.® In the study of Fleury er al 
hepatic hamertomas were revealed by ultrasono- 
graphy in 13% of patients (three out of 23) 
under 16 yeers cf age and in 23% (three out of 
13) in the ok&r patients.” 

Our results prove that the incidence of 


Table 2 Hepanc barrtartama: review of the [erature (total 28: 19F/9M) 





Ne of Sex Dragnoss of 

(in camamological order. patents (rears) hver lesions 
Ingle“ i F 4i Neurilemmoblastomas 
Cares! * l F 25 Lapomesenchymal tumours 
Perou end Gray™ i F 23 AML, polycystic 
Viamonte ef 1 F 25 Hamartoma 
Ramctend et al” l M 24 Lapoma 
Chono et af l F 22 Vascular abnormalities 
Compem et al 5 F 11 Hamartoma 

F 13/12 Hamartoma 

M 23 Hamartoma 

F 24 

F 1012 Hamartoma 
Kagan and Steckel’? 1 M l. AML 
Grasso sf -— l M i AM, , large hepatocytes 
Newmack e i 2 
Marsidi and Wiss’ 1 F 23 Precapillary angiomas 
Derer. sad Westmorela-d'' 1 F 2_ 
Eosen ef i M 2s Fatty lesion, AML? 
Robers et al’? 3 M 26 Lapomatous tumors, AML? 

F 25 Lipomatous tumors, AML? 

F = Lapomatous tumors, AML? 
Fleury at al” 6 2M/4P 6—48 omas. mas? 
Kristal and Sperber” i F 10 AML 
Greer at al?! 1 M 40 Fibromas 
AML.-angiomyolipoms. 
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hepatic hamartomas may be even higher, reach- 
ing 45% in children above 10 years of age. 

In the reviewed literature hepatic hamartomas 
were found more often in females than males, 
with the ratio 19:9. In our study this pre- 
dominance was even more apparent (5:1). 

Hepatic hamartomas in tuberous sclerosis 
seem to be benign and asymptomatic. In contrast 
to renal lesions, hepatic hamartomas were not 
mentioned as a possible cause of death in 
patients with tuberous sclerosis in a large study 
of 355 patients at the Mayo Clinic.*! 

None of the children examined in our study 
had any manifestation of hepatic dysfunction. 
In the literature we could not find any descrip- 
tion of hepatic manifestations in tuberous 
sclerosis patients with liver involvement except 
for one patient presented by Kristel and 
Sperber.” These authors described a 10 year 
old girl with tuberous sclerosis who was 
examined after blunt abdominal trauma. 
Computed tomography and ultrasound showed 
a hepatic tumour in the left lobe, which 
enlarged during the next several months and 
forced them to carry out a hepatic lobectomy. 

Histopathological examination of hepatic 
hamartoma was available in several cases. 
Hepatic angiomyolipomas were the most 
common tumours found in patients with 
tuberous sclerosis.!° 16 18 20 The other reports 
also mentioned neurilemmoblastoma,'* lipo- 


mesenchymal tumour,!> hamartoma,’ and 
lipoma. 17 
Interestingly, haemangioma, the most 


common benign tumour of the liver was not 
seen in any of histopathologically examined 
patients with tuberous sclerosis. 

Diagnosis of vascular hepatic tumours in 
tuberous sclerosis was suggested in several 
reports in angiographic®* and ultrasonographic 
studies. '* We suppose that angiographic findings 
in the liver of patients with tuberous sclerosis 
may resemble vascular expression of angiomyo- 
lipomas more than real haemangioma. Unfor- 
tunately, computed tomography of the liver was 
not performed in any of the aforementioned 
studies. 

The ultrasonographic appearance of lipo- 
matous masses cannot be easily differentiated 
from haemangioma. The pattern is not specific 
for angiomyolipomas, therefore, ultrasound 
studies should be supplemented by computed 
tomography. Contrast enhanced computed 
tomography is able to provide greater detail by 
demonstrating low density areas that represent 
fatty tissue. 

We believe that the diagnosis of hepatic 
angiomyolipomas in our patients is highly 
probable. But as none of them presented 
symptoms of hepatic dysfunction, and, as 
patients with liver hamartomas in tuberous 
sclerosis seem to have a good prognosis, we 
decided not to perform computed tomography 
as a routine procedure. Ultrasonographic assess- 
ment of the liver should be performed together 
with kidney evaluation in follow up studies. 

Roberts et al stressed a relationship between 
renal angiomyolipomas and hepatic tumours in 
patients with tuberous sclerosis.'? Their study 
of a group of 50 patients with renal angiomyo- 
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lipomas revealed lipomatous tumours of the 
liver in five patients. Three of them were known 
to be affected with tuberous sclerosis. 

Renal angiomyolipomas were found in 85% 
(24/28) of tuberous sclerosis patients with liver 
involvement reported in the literature and in 75% 
(9/12) of children in the presented study. 
However, these figures cannot prove that any 
relationship between renal and hepatic angio- 
myolipomas exists. In our experience renal 
angiomyolipomas appear before hepatic 
hamartomas and both develop with age. This 
evolution of the lesions may result in their 
frequent coexistence in older children and 
adults. 

We conclude that liver hamartomas are a very 
valuable feature in the diagnosis of tuberous 
sclerosis, especially of formes frustes. In the 
absence of long term studies, periodic monitor- 
ing with hepatic and renal ultrasonography is 
recommended for all patients with tuberous 
sclerosis. 
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Increased resting energy expenditure in childhood 
asthma: does this contribute towards growth failure? 


S R Zeithn, S Bond, $ Wootton, R K Gregson, M Radford 


Abstract 

In order to determine whether or not there 
was a relacinnship between disorders of growth 
in children suffering from asthma and either 
increased resting energy expenditure or in- 
adequate 2mergy intake, a group of 34 children 
suffering from perennial symptoms were 
studied. A control group matched with the 
asthmatic children for sex and fat free mass 
were simitarty studied. 

The ckiidren kept seven day records of 
weighed food intake. Basal metabolic rate was 
measured on one occasion in the fasted state 
by means of indirect calorimetry using the 
ventilated hcod technique. The asthmatic 
children kept a 28 day record of peak expiratory 
flow rates, as-hma symptoms, and medication 
usage. 

The asthmatic children expended signifi- 
cantly more energy at rest than their matched 
controls in absolute terms (14%). There was 
no correlation between height or height SD 
score and any parameter of energy balance. 
The causes of these finding are as yet specula- 
tive. 


(Arch Dis Chald 1392;67:1366-9) 


The interaction of the disease process, drug 
treatment, and energy expenditure and their 
effect on growth in chronic disease states, such 
as asthma, are poorly understood. While an 
associatior >etween asthma and short statur2 is 
well recognised,' 7 the factors that contribute 
towards poor growth and the incidence of the 
problem are less well documented.? 4 

Since Ccken et al first described growth 
disorders in aszhmatic children in 1940! attempts 
to quantify and explain the problem have been 
confounded ty a number of obstacles. The 
definition 37 esthma and hence its incidence has 
changed considerably over the last 20 yeazs.? 
The term ‘asthma’ now encompasses a much 
broader speztrum of disease.° 7 

Growth ss the end result of a number of 
physiological pathways. Simplistically a reduc- 
tion in the-rate of growth is a consequence of an 
imbalance between energy intake and energy 
expenditure. Three factors must be considered: 
dietary intake, abnormal excretory losses, and 
the nature and magnitude of metabolic demands. 
Such imbelances may be small and accrue over 
prolonged periods of ill health or result from 
repeated periods of acute exacerbations of 
disease. Ceficiencies of specific micronutrients 
that may abso limit growth once energy needs 
are satisfiec. snould not be overlooked.” There 
have been no studies in which both intake and 


expenditure of energy have been determined in 
children with asthma. 

The purpose of this study was to examine the 
extent to which poor growth in asthmatic 
children could be attributed to poor energy 
intake or an increased metabolic demand for 
energy. Measurements of energy intake and 
basal metabolic rate (BMR) were made for 
children suffering from chronic perennial asthma 
of comparable severity between acute exacerba- 
tions of their asthma. Their results were 
compared with those from normal healthy 
children matched for sex and fat free mass. 


Patients and methods 

This study was conducted with the approval of 
the Southampton and South West Hampshire 
Health Authority ethical committee and 
informed consent was obtained from the parents 
of all of the children that took part. 

Thirty four children (25 boys, nine girls) aged 
6°8-12°7 years (mean 8°6 years) suffering from 
chronic perennial asthma were recruited from 
the paediatric outpatient clinic at Southampton 
General Hospital. All of the children were 
graded as Tanner score | for sexual maturity on 
physical examination.” Each of the asthmatic 
children kept a diary in which they recorded 
their use of medication and measurements of 
peak flow for a period of 28 days. Peak 
expiratory flow rate (PEFR) was determined as 
the best of three attempts at peak flow measure- 
ments on rising in the morning before adminis- 
tration of inhaled bronchodilators and again 
before retiring. From this the number of days 
when the PEFR was less than 75% of the 
predicted value for that child and the days when 
the diurnal variation exceeded 25% of the 
predicted PEFR were calculated. Thirty four 
healthy prepubertal children recruited from 
local schools were matched with the study 
children for sex and fat free mass. None of the 
control group suffered from asthma. The control 
subjects were aged 5-39-11-78 years (mean 8°67 
years). 

Weighed dietary intake was recorded for a 
period of seven days in the standard manner 
described by Marr,'° using digital electronic 
scales (Hanson). The children and their families 
were instructed in the use of the scales and how 
to record their food and drink consumption in a 
notebook provided. The dietary record was 
checked during a follow up interview with the 
dietitian. These were then coded according to 
the McCance and Widdowson food tables." 
Using a computerised database (Microdiet), 
analysis was carried out to determine the 


estimated metabolisable energy intake over the 
seven day period. Energy intakes were expressed 
in absolute units, corrected for differences in fat 
free mass, and in relation to that recommended 
by the Department of Health and Social 
Security. '” 

In this study, energy expenditure at rest or 
BMR was defined as the minimum energy 
expenditure for maintaining essential bodily 
functions under standardised resting conditions, 
12-18 hours postprandial. All measurements 
were performed between 0730 and 1030, after 
an overnight fast. BMR was determined by 
indirect calorimetry using an open circuit venti- 
lated hood system. Oxygen consumption and 
respiratory exchange ratio were measured to 
calculate BMR.'* During the measurement the 
subjects lay supine on a bed listening to music 
or story tapes. Room temperature was main- 
tained at 22~24°C. The measurements were 
conducted for a minimum period of 30 minutes 
after a stable energy expenditure was achieved. 

All of the asthmatic children received inhaled 
bronchodilator on the morning of the study via 
the route and in the dose to which they were 
accustomed. Those normally taking inhaled 
steroids took their usual dose. None of the 
children were taking oral theophylline. All of 
the asthmatics were subjectively well on the day 
of calorimetry. 

BMR was expressed in kJ per 24 hours, 


aed 1 PEFR and steroid dose in asthmanc children 
(n=34) 


No steroids Steroids 
(n=10) (n=24) 


PEFR <75% predicted value 15 (0-28) 2 (0-25) 
(days/28 days) 


Morning dip in PEFR >25% 0 (0-2) 0 (0-4) 
of predicted value 
(days/28 days) 

Steroid dose (ug/day — 400 (100-200) 
beclomethasone dipropionate) 


Increased resting energy expenditure n childhood asthma: does this contribute towards growth failure? 1367 


corrected for differences in fat free mass, and as 
a percentage of that predicted on the basis of 
age, gender, weight, and height.’ 

Height was determined using a Holtain 
stadiometer and the height SD score" and the 
predicted height allowing for mean parental 
height were determined.’ Weight was deter- 
mined by standing balance scales. Fat free mass 
was determined from skinfold thickness (biceps, 
triceps, subscapular, and _ suprailiac sites) 
measured using Harpenden skinfold callipers 
and used to determine body density, body fat, 
and fat free mass.!” '* 

The results were analysed using non- 
parametric statistics. Values given are median 
and ranges. Differences between the asthmatic 
children and their matched controls were 
analysed using the Wilcoxon matched pairs test. 
Differences within the asthmatic group were 
analysed with the Mann-Whitney test. 


Results 

Of the 34 asthmatic children who entered the 
trial, 24 were taking regular inhaled beclo- 
methasone dipropionate for at least three 
months. The mean (SD) dose of steroid was 
341:8 (322:0) ug/24 hours. Only one child was 
receiving regular oral steroids (prednisolone 2:5 
mg on alternate days). All of the children took 
inhaled salbutamol. None of them was taking 
oral theophylline. 

There was no significant difference in the 
number of days on which the children were 
assessed as having appreciable reduction in 
PEFR between the children on inhaled steroids 
and those that were not (see table 1). 

The anthropomorphic characteristics of the 
asthmatics and the controls are shown in 
table 2. There was no statistically significant 
differences between the asthmatics and controls 
in age, although the asthmatic children were 
significantly shorter (p<0°05), were lighter 


Table 2 Characteristics of asthmatic and control children, values are median (range) 


Controls Total Asthmatics 
(n= 34) asthmatics 
(n= 34) No steroids Steroids 
(n= 10) (n=24) 
Age 8-5 aan 8) 8-3 (6-7-12 7) 89 6 8-10 8) 8 1 (67-12 7) 

t (kg) 27 5 (20 5-39 0) 26:0 (17 5-38 4)"" 27 7 (22 0-36 4) 24 3 (17 5-38 4) 
Height (cm) 132:0 (110-0-147-7) 127 0 (110 0-153 0)! 131-0 (123 0-153-0) 125-2 (110 8-140 7} 
Height D score 0 38(—1 52to2 13) —0 47 (—2 05 to 2 33) 0 26 (—0°10 to 1:04) —0 67 (~2 00 to 2 30) 
% Body fat 17 0 (6°6-32 9) 12:7 (6 3-28-2)'' 13 6 (10 2-24 5) 10 7 (6-3-28 3) 

Fat free mass (kg) 23 0 (17:3-31 7) 23-0 (17 4-31 0) 23-9 (19 1-31°0) 22 3 (17 428-2) 


*p<0 05, **p<001, significantly different from controls, tp<0-05, sigmficantly different from no steroids. 


Tabie 3 Energy mtake and BMR of asthmanc and control children, values are median (range) 


Controls Total Asthmanes 
(n= 34) asthmatics 
(n=34) No steroids Steroids 
(n= 10) (n=24) 
intake: 
kiko t 7-41 (5 19-1122) 8 28 (427-14-88) 8 25 (5 91-10-00) 8°29 (4°27-14 88) 
t at 
tree mass/day 340 (224-415) 352 (183-541) 328 (253-523) 368 (188-541) 
Intake BMR ratio 1 62 (1 10-2 60) 1 60 10°90-2 40) 1 60 (1 15-190) 1 60 (0 91-2°40) 
BMR. 
day 4-56 (3 48-6°07) 5 21 (3 50-6 36)'' 5 26 (4 76-6 14) 4 86 (3-50-6 36) 
i at 
free mass/da 206 rere 221] (186-279)'' 218 (186-277) 225 (188-279) 
%Predicted B 104 (65-126) 110 (70-127)"' Lid (100-130) 110 (70-130) 


*p<0 05, **p<0°01, significantly different from controls 
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(p<0-01%, and exhibited a lower percentage 
body fat tp <0-01). 

Tbe mean BMR of the asthmatic group was 
significartly greater than controls when 
expressed im absolute units (14%, p<0-01), 
relative © fat free mass (11%, p<0:01) or as a 
percentage of the BMR predicted'* from age, 
sex, and weight (11%, p<0°01; see table 3). 

Although there was a trend to higher energy 
intak2s both in absolute terms and per kg fat free 
mass. ths difference did not attain statistical 
significerce. 

Tbe mean (SD) energy intake expressed as a 
ratio of BAIR was 1-65 (0°34) and 1-68 (0°37) for 
the asthmatic and control groups respectively. 
Further exalysis revealed that these results were 
not influerced by steroid usage. 

Six of the asthmatic children were noted to 
have eczema at the time of the study. These 
children were found to be either less than the 
25th cenie for height or growing at a height 
growth v2bocity of less than the 25th centile for 
the year before entry into the study. None of the 
control ca:ldren had eczema or a history of the 
disorder. 


Discussida 

Over the last 30 years many authors have 
suggestec a link between poor growth and 
childhood asthma.’ 1° 2° Such a link is an 
appecling concept as many of the chronic 
diseases of childhood are associated with short 
stature.*! In the asthmatic child however it is 
not easy <o postulate a mechanism for this 
assoc-aticn. The use of steroids has not been 
uniforml? incriminated.” 7? There is no evi- 
dence of zaronic malabsorption in the majority 
of childrer and the possibility of a fundamental 
disorder of growth has not been substantiated. 

A distrctive pattern of height growth has 
however Deen described.* 7° Asthmatic children 
appeer ta grow at a slightly slower rate initially. 
They fas to experience the acceleration in 
growth velocity at the same time as their non- 
asthmatic peers and they have delayed bone 
ages. Theiz adolescent growth spurt tends to be 
delayed zs does the onset of sexual maturation 
but most children will eventually attain their 
predicted dult height. 

One srody that explored the possibility of 
dietary imedequacy in asthma failed to show a 
reduced emergy intake in short asthmatics and 
energy supplementation failed to improve their 
rate of growth.** The role of energy loss in 
allergic Cisease is as yet only partially under- 
stood. 

Increased energy expenditure may occur 
during etcacks of asthma when there is a 
dramatic increase in the energy cost of breath- 
ing.” 76 If medication such as inhaled steroids 
reduced the frequency of exacerbations, it Is 
reasonabie to postulate that this might have a 
benefical effect on overall energy expenditure. 
The superimposed effects of steroids on linear 
grow h maskes this a rather difficult hypothesis 
to tesi. 

This sudy represents the first occasion in 
which en2rgy intakes and basal metabolic rates 
have been determined in children with chronic 


Zeulin, Bond, Wootton, Gregson, Radford 


asthma. The results suggest that the asthmatic 
children receiving conventional inhaled treat- 
ment have a slightly greater metabolic demand 
for energy at rest. The raised BMR may be 
attributable to one or more of several factors. 
The metabolic demand for energy may be 
increased by the inflammatory response asso- 
ciated with asthma.” It is noteworthy that eight 
of the smallest children had mild eczema. The 
degree of eczema was unlikely to cause signifi- 
cant protein or fluid loss but might represent a 
further increase in inflammatory response with 
a potential increase in metabolic rate. Little 
information is as yet available about the effect of 
skin disease on BMR. Food allergies and 
consequent malabsorption in asthmatics does 
not appear to be a clinically significant problem 
in most children. Energy used in the work of 
breathing may be increased.‘ Finally, the medi- 
cation used in an attempt to control the disease 
may result in alterations in energy expenditure. 
Vaisman and coworkers have shown that after a 
single dose of salbutamol a variety of systemic 
effects may be evident for periods of 34 hours.”8 
Energy expenditure at rest increased by 10% 
over the first hour after salbutamol inhalation 
and remained raised for up to 90 minutes. They 
suggest that such drug related changes in energy 
expenditure may be important in patients 
receiving long term bronchodilator treatment. 
This drug related effect would however account 
for only a small proportion of the increase in 
BMR observed in this study. 

The increase in BMR in the asthma group 
was associated with a comparable increase in 
energy intake of approximately 11%, such that 
the energy intake:BMR ratios were of the same 
magnitude. This observation would add further 
support to the view that the metabolic demand 
for energy was increased in chronic asthma. It 
was not possible to demonstrate a relationship 
between elevated BMR, or low energy intake: 
BMR ratios and the magnitude of a growth 
deficit. A single estimate of growth and energy 
balance using the approaches adopted in this 
study would be unlikely to be sufficiently 
sensitive to detect such a direct causal relation- 
ship. Furthermore, any increases in BMR may 
well be compensated for by reductions in the 
energy expended in physical activity. Expansion 
of this study to determine long term energy 
expenditure would help to ellucidate the 
relationship between expenditure and intake. 
Recently refined techniques allowing deter- 
mination of BMR during exercise might add 
very useful information to the understanding of 
energy utilisation during activity in asthmatic 
children. Even if the energy cost of activity were 
increased, a reduction in the amount of physical 
activity through breathlessness or anxiety would 
reduce the amount of energy expended in 
physical activity. 

The results of this study do suggest, however, 
that the disease process and long term bron- 
chodilator treatment may adversely affect energy 
balance in patients with chronic lung disease 
such as asthma. Further studies are required to 
further explore the extent to which alterations 
in energy expenditure may contribute towards 
poor growth in children with asthma. 


Increased resting energy expenditure in childhood asthma: does this conmibute towards growth failure? 


Funding for thts study was generously provided by Glaxo. 
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Defective alloantigen-presenting capacity of 
‘Langerhans cell histiocytosis cells’ 


Raynond C H Yu, Jenny F Morris, Jon Pritchard, Tony C Chu 


Abstract 

The functional activity of skin cells derived 
from. an mfant who died of multisystem 
Langerhans cell histiocytosis (LCH) was 
examined. Involved and non-involved skin was 
obtained at postmortem examination within 
three hcurs of death; normal epidermal 
Langerhans cells and ‘LCH cells’ were 
sepsratec by means of dispase digestion. The 
functional activity of different populations of 
CDla positive cells was assessed using the 
conventional six day allogeneic mixed cell 
reaction. Compared with Langerhans cells 
from a healthy control, LCH cells showed 
minimal functional activity. However, 
Langerhens cells from non-involved skin 
showed normal and Langerhans cells overlying 
invalved skin showed augmented functional 
activity. These findings suggest that LCH is a 
disease in which abnormal Langerhans cells 
accumulate and/or proliferate in various 
tissues but it does not affect the entire 
Langerhans cell population. 


(Arck Dts Child 1992;67:1370-2) 


Langerhens cell histiocytosis (LCH), a rare 
disorder of unknown cause affecting both 
children and adults, can involve many different 
orgens and present to a wide range of medical 
specialties. LCH is now regarded as a ‘reactive’ 
disorder -n which cells bearing the Langerhans 
cell phenstype accumulate and/or proliferate in 
physiologically normal and abnormal sites.! ” 
The subsequent local tissue damage may cause 
orgen dysiunction and in severe cases,-death. 
The tissue destruction in LCH is believed to be 
at least partly the result of excess cytokine 
production.? Although lesional ‘LCH cells’ 
express Nost of the phenotypic markers as 
epidermal Langerhans cells* including HLA- 
DR and the CDla complex, it is not known 
whether “hese cells carry the functional capacity 
of Langerhans cells. Functional studies have 
been severely hampered by the scarcity of fresh 
patholog-cal specimens. 


Case report 

An 8 moath old boy presented with a skin rash, 
discharging right ear, and easy bruising from 
the age of 3 months. Moderate hepatospleno- 
megaly was evident. Investigations showed 
ana>mia “haemoglobin concentration 65 g/l) and 
thrombocytopenia (platelet count 3-0 107/1). A 
skin biopsy specimen and bone marrow aspirate 
both demonstrated patchy infiltration by large 


cells with cleaved nucle: which showed positive 
immunostainings to $100 and peanut agglutinin. 
A diagnosis of multisystem LCH was made 
according to the criteria of the Histiocyte 
Society. 

The child’s illness progressed over the next 
nine months with pancytopenia requiring 
frequent transfusions and worsening hepato- 
splenomegaly. Several systemic agents includ- 
ing high dose systemic prednisolone, etoposide, 
vinblastine, and cyclosporin were tried with 
only transient benefit. From October 1990 he 
developed persistent unexplained abdominal 
pain, distension, and diarrhoea and in February 
1991 he died of progressive disease. Postmortem 
examination carried out within three hours of 
death showed involvement of the bone marrow, 
lungs, skin, gastrointestinal tract, pancreas, 
liver, and spleen by LCH. 

In order to assess the functional activity of 
LCH cells, samples of clinically normal skin 
and skin affected by LCH were taken. Small 
samples were snap frozen for immunohisto- 
chemistry using anti-CDla monoclonal anti- 
bodies (MAbs) to identify the presence and 
localisation of Langerhans cells and LCH cells. 
Skin obtained from an adult patient who 
underwent abdominoplasty provided control 
epidermal Langerhans cells. 


ASSESSMENT OF LCH AND LANGERHANS CELL 
FUNCTION 

An allogeneic mixed cell reaction was used to 
assess the functional activity of Langerhans cells 
and LCH cells. Ninety six well, round bottomed 
microtitre plates were used in a conventional six 
day assay. ‘Stimulator cells’ were prepared from 
both patient and control skin. The epidermis 
was separated using dispase (2 mg/ml) and a 
single cell suspension prepared by trypsinisation 
(trypsin 0:05% and EDTA 002%). Dermal 
cells were isolated by collagenase digestion (0:5 
mg/ml). Cells were resuspended in Roswell 
Park Memorial Institute medium containing 
10% heat inactivated normal human serum with 
epidermal cells at 3x 10° ml and dermal cells at 
10° ml and irradiated with 3000 cGy. Aliquots 
of 100 ul of doubling dilutions of these cells 
were used per well in the functional assay. The 
four different stimulator cell populations were 
analysed using MAbs against CDla and HLA- 
DR witha standard indirect immunofluorescence 
technique. 

Peripheral blood mononuclear cells (PBMC) 
separated from venous blood from three healthy 
volunteers were used as the ‘responder cells’ at 
3x 10° well. 


gen-presenting capacity of ‘Langerhans cell hisnocytosis cells’ 


Results 

PHENOTYPIC ANALYSIS 

Non-involved skin showed a dense dermal 
infiltrate with rounded, CD1la-positive LCH 
cells but with no epidermal invasion. Epidermal 


Stimulator cells bearing CDla and HLA-DR antigens as 
demonstrated by indirect unmunofluorescence techmque 
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Langerhans cells, which could be differentiated 
from LCH cells microscopically by their 
dendritic nature, were identified in epidermis at 
normal densities. Analysis of the stimulator cell 
populations is shown in the table. 


FUNCTIONAL ACTIVITY OF CELL POPULATIONS 
(FIGURE) 

CDla positive cells in lesional dermis demon- 
strated minimal functional activity on a per cell 
basis to the PBMC of all three responders. 
Langerhans cells from the non-involved 
epidermis showed similar dose related functional 
activity to Langerhans cells from the control 
skin. Langerhans cells from the epidermis 
overlying the involved dermis demonstrated an 
exaggerated functional activity against all three 
responder cell populations. 


Discussion 

Langerhans cells represent a well defined bone 
marrow derived cell population in the human 
epidermis. They constitutively express CDla 
and HLA-DR°?’ and have a vital role as 
antigen-presenting cells in the skin. LCH is a 
reactive disorder in which cells bearing the 
Langerhans cell phenotype accumulate and/or 
proliferate in physiologically normal and 
abnormal sites. The subsequent local tissue 
damage may cause organ dysfunction and in 
severe cases, death. The in vitro functional 
capacity of LCH cells as antigen presenting cells 
has not so far been examined. 

In the present study we use the allogeneic 
mixed cell reaction to assess the functional 
activity of LCH cells; this assay has been used 
extensively as an investigative tool for dissecting 
the functional activities of antigen-presenting 
cells. Antigen-presenting cells are believed to 
provide unique stimulatory signals to resting 
T cells in primary allogeneic mixed cell 
response.™!! In vitro allogeneic mixed cell 
reaction is believed to represent the sensitisation 
and effector phases of graft rejection in vivo. '” 

In this study we have demonstrated for the 
first time that, compared with normal 
Langerhans cells, lesional LCH cells from a 
patient with multisystem LCH are unable to 
present alloantigens to naive T cells in vitro. 
Although LCH celis share the same phenotype 
as Langerhans cells, they show defective func- 
tional activity. This discrepancy was not due to 
the different ways in which the epidermal and 
dermal cells were treated as we found that 
collagenase treatment does not significantly 
affect the function of normal Langerhans cells 
(unpublished data). 

The Langerhans cells in normal skin from 
our patient showed normal functional activity. 
This finding suggests that the defective func- 
tional characteristic of LCH cells is localised to 
these cells and does not involve the entire 
Langerhans cell population. The significance of 
the increased functional activity of Langerhans 
cells overlying the involved dermal infiltrate is 
unclear but it is possible that cytokines generated 
in the underlying dermal infiltrate activate the 
overlying Langerhans cells. 
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The proccund restrictions on work in this 
disease due w the difficulties in obtaining fresh 
viable tissu2s make this study unique. Further 
studies will concentrate on purifying LCH cells 
in order that the present results can be validated. 
The results of this study do, however, strongly 
suggest thet LCH is a disease in which func- 
tionally abmormal Langerhans cells accumulate 
and/or proliferate in various tissues but the 
abnormality seems to be confined to the lesional 
LCH cells. 


This work wa: scpported by a grant from the Marcus Nunn 
Fichacyincis X Ecearcti Fand. Dr J Pritchard receives financial 
support from tLe Imperial Cancer Research Fund 
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Interleukin-2 in relation to T cell subpopulations in 


rheumatic heart disease 


Magdy M Zedan, Farha A El-Shennawy, Helmy M Abou-Bakr, Almady M AL-Basousy 


Abstract 

Interleukin-2 (IL-2) and T cell subpopulations 
were evaluated in children with rheumatic 
heart disease (RHD). Three groups were 
included: 13 patients with active RHD, 12 with 
non-active RHD, and 14 control children. 
Serum IL-2 and T cell subpopulations were 
measured by radioimmunoassay and mono- 
clonal antibodies respectively. 

Patients with active RHD showed a signifi- 
cant increase in IL-2 concentrations and 
helper:suppressor (H:S) ratio compared with 
controls with a mean (SEM) IL-2 of 3-48 
(0-62) v 1-26 (0-16) U/ml and H:S ratio 2-31 
(0-14) v 1-66 (0-04). There was a significant 
decrease in T suppressor (CD8+) and pan T 
(CD3+) cells compared with controls with a 
mean (SEM) for CD8+ of 23-75 (1-19) v 32-23 
(0-56)% and CD3+ of 79-55 (0-94) v 85-00 
(0-11)%. 

Patients with non-active RHD showed a 
significant decrease only in the CD3+ cells 
(78-20 (0-20)%) when compared with controls. 
A deficiency of CD3+ cells is a constant 
finding in patients with RHD, whether the 
disease is active or not. 

There was a significant increase in IL-2 
concentration with a significant decrease in 
CD8+ cells in patients with active RHD in 
comparison with the non-active group (mean 
(SEM) IL-2 of 3-48 (0-62) v 1-85 (0-24) U/ml 
and CD8+ of 23-75 (1-19) v 28-83 (1-91)%). 
Thus an increase in IL-2 and a decrease in 
CD8+ cells may be related to rheumatic 
activity. T helper (CD4+) cells did not differ 
significantly between groups. 


(Arch Dis Child 1992;67:1373-5) 
Interleukin-2 (IL-2) is a major lymphokine 


secreted by T cells after their stimulation with a 
mitogen or allergen.' One of the cellular events 


Table 1 Characteristics of patients and control subjects 


Non-acitoe RHD 
(n= 12) 


of immune reaction is secretion of IL-2. This 
IL-2 activates killer cells and supports growth 
of T and B cells via binding to specific surface 
receptors. Altered immune response to strep- 
tococcal antigens is implicated in the pathogene- 
sis of rheumatic fever and rheumatic heart 
disease (RHD).* This altered immune response 
was mentioned as a diminished blastogenesis, 
increased leucocyte migration inhibition, and 
increased natural killer cell cytotoxicity.* + 
Because of the importance of cytokines in the 
events of the immune reaction in various 
rheumatic diseases, we studied serum concen- 
trations of IL-2 and T cell subpopulations in 
patients with active and non-active RHD. 


Patients and methods 
Three groups of children were studied. (1) 
Thirteen patients had active RHD and all met 
the revised Duckett-Jones criteria for diagnosis 
of active rheumatic fever. They were aged 8-12 
years (mean (SE) 9-2 (0-1) years) and all had an 
old valvular lesion. (2) Twelve patients had non- 
active RHD. They were aged 8-15 years (mean 
(SE) 11°6 (0:3) years) and had a mitral valve 
lesion (diagnosed by echocardiography) and a 
history of acute rheumatic fever according to 
revised Duckett-Jones criteria’ six months or 
more before the study. They had no evidence of 
heart failure or rheumatic activity. (3) Fourteen 
healthy children were selected as a control 
group. They were aged 7—14 years (mean (SE) 
10°4 (0°4) years). None of these children had a 
history of rheumatic fever or chronic or 
repeated tonsilitis, there were no valvular 
lesions, and there was a normal erythrocyte 
sedimentation rate. The characteristics of the 
subjects are shown in table 1. 

Blood samples for the measurement of IL-2 
and T cell subpopulations were taken before the 
start of any treatment. 


aces (SE) age in years 


11 5 (0-3) 
9M 3F 


ex 
Valve abnormality 


Associated problems No 

Mean (SE) antstreptolysin-O 200 0 (19-8) 
titre (Todd’s units) 

Mean (SE) total leucocyte 6 3 (0°4) 
count {X 10° cells/) 

C reactive protein Negative 


Matral valve only (n=11), 
nural with aoruc (n=2) 


Acme RHD Controls 
{n=ņ}3) (n= 14) 
92 (0'1) 10 4 (0 4) 
5M 8F 10M 4F 
Mitral with tncuspid (n=3), No 
mitral with aortic (n=2), 
mitral valve only (n=7) 
Heart fadure (n=6), No 
arthritis (n=5), 
cardius and arthritis (n=1) 
457 0 (149-1) — 
85 (1 2)! 50 (0-6) 
Positive Negative 


"p<0-05 There was a significant increase in total leucocyte count in active RHD in companson with controls 
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Tabie 2 
Date cre mean (SEA) 


CD3+ {pan T) cells n % 
CD4+ TT helper) celle in % 
CD8+ (T suppressor) cells in % 
H:S ran 


*p<0-M; tp<0 001 


T cell subsets m acEve and non-actttee RHD ın comparison with control subjects. 


Actwe RHI Non-actrve RHD Controls 
(n= [3° (n= [2) (r= 14) 
79°55 094° 78 20 (0 20) 85 00 (1-11) 
53°95 0 96 48°00 (2 74) 53°65 (0°70) 
23°75 71 19: 28 83 (1 91) 32 23 (0 56) 
2°31 “0:14 171 (0°16) 1-66 (0 O4) 


aere Was a significant decreas= in CD3+ and CD&+ m active RHD in comparison with controls 
There was no significam change in CD4+ in active ard non-actve RHD. Non-active RHD showed 
a zgnaftcant decrease 1p CD3+ caly There wes a sgraficant increase in H’°S ratio m active RHD ın 


ccompsrson with controls 


ASSAY OF IL-2 

IL-2 was meesured using a radioimmunoassay 
kit with radioactive iodine 125 supplied by 
Medgenrx (Institut des Radio Elements, Fleurus, 
Belgium) ccording to radioimmunoassay 
principle.® 


DETERMINATION OF T CELL SUBPOPULATION’ 

T cell subsers were determined by using fluoro- 
chrome con tigated reagents for T cell typing 
(Clonab moncclonal antibodies Biotest Diagnos- 
tics). Lympnrocytes were separated from perio- 
pheral venous blood by Ficoll Hypaque gradient 
technique," and adjusted to a concentration of 
5 million/ml suspended in Hanks’ medium. An 
aliquot of 10C ul of lymphocyte suspension was 
incubated with 200- pl of 1:20 prediluted and 
fluoroisothiocyanate labelled Clonab antibody 
(CD3+, CD4+, and CD8+) at 4°C for 30 
minutes. This was washed twice with cold phos- 
phate tuffer saline (PBS), the pellet resus- 
pended in .00 ul of PBS, and counted using 
fluoresc2nt microscopy. 


STATISTICAL METHODS 

Our data were analysed by the two tailed ¢ test 
for ind2pemdent samples.” All the data are 
expressed as mean (SEM). 


Results 

Table 2 shews the T cell subsets in the children 
with RHD in comparison with controls. There 
was a signiticant decrease in CD8+ and CD2+ 
cells and siznificant increase in the helper: 
suppressor (H:S) ratio in children with active 
RHD wher compared with the control group 
(p<0°0)1, 0°01, 0°001 respectively); CD4+ 
cells showed a non-significant change in those 
patients. Patients with non-active RHD showed 
a significan- decrease in CD3+ cells; this 
reflects the persistent decrease in CD3+ in 
patients w.ta RHD whether the disease was 
active cr nci-active. 

Tabl2 3 shows IL-2 concentrations in RHD 
(active and non-active) in comparison with 
controls. We found a significant increase of 
IL-2 inactive RHD in comparison with contrals. 


Table3 IL 2 zoncentrations in active and non-actroe RHD 
in comparison. wtth control subjects. Data are mean (SEM) 


žene RHD Non-actve RHD Controis 
(a=}3}) (n= 12) (n= 14) 


IL-2 (U/ml) 348 (0°62)* 185 (024) 1 257 (0 156) 


‘p<0 O1. There -was a significant merease in IL-2 in active RHD 
im comperson with controls 


Zedan, El-Shennawy, Abou-Bakr, AL-Basousy 


Discussion 

Generation of the cellular immune response 
depends upon two signals. The first one is the 
interaction of antigen or mitogen with macro- 
phages; this results in their activation and the 
secretion of a soluble product called lymphocyte 
activating factor, now termed interleukin- 
(IL-1). This IL-1 is responsible for initiation of 
the second signal which results in two responses. 
(A) Activation of the T cell subpopulation, 
mainly T helper cells (CD4+), to express 
specific receptors for another soluble factor 
called T cell growth factor or IL-2. (B) The 
combination of the antigen with IL-1 and this 
induces the subset of T cells to secrete IL-2. 
The IL-2 molecules bind to IL-2 receptors on T 
helper cells and induce their proliferation. ‘° 

In patients with rheumatic fever and RHD, a 
depressed cellular immune response is now con- 
sidered to have a central role in pathogenesis of 
rheumatic heart injury.'’ The immune system 
in rheumatic patients is challenged with an 
array of streptococcal antigens. The most 
important of these is blastogen A, which was 
found to have an effect on immunoglobulin 
synthesis and IL-1 and IL-2 formation.* In our 
study the significant increase of IL-2 (p<0-01, 
table 3) was found in patients with active RHD 
when compared with controls. This significant 
increase in IL-2 in active RHD can be explained 
on the basis of initiation of the cellular immune 
response by streptococcal blastogen A (antigen) 
ending in secretion of IL-2.'° 

In a previous study IL-2 was found to 
increase the cell mediated cytotoxicity,'? while 
other investigators suggested the presence of 
cytotoxic cell species in patients with RHD 
that could be activated by streptococcal antigens 
leading to cellular damage during active rheu- 
matic fever.'* Those cells that have such 
cytolytic activity were found to be natural killer 
cells,'* usually the activity of natural killer cells 
was found to be triggered by IL-2.!° Data from 
these studies support the fact that the significant 
increase of IL-2 in the serum of our rheumatic 
patients means that IL-2 is important in the 
abnormal immune response in RHD via its 
effect on natural killer cell activity and the 
increase in cell mediated cytotoxicity. 

Also one of the abnormal immune responses 
that has been reported in RHD is the increased 
natural killer cell cytotoxicity.” This observation 
can be explained by our findings of increased 
IL-2 production in rheumatic patients (p<0°01, 
table 3) as IL-2 is a lymphokine secreted from 
activated T lymphocytes and is responsible for 
the activity of natural killer cells, especially the 
cytotoxic character.!> Thus we can suggest a 
sequence of events that is responsible for 
cellular damage in RHD: first stimulation of 
T lymphocytes by streptococcal antigens, this 
leads to secretion of IL-2, which results in 
increased natural killer cell cytotoxicity and the 
pathological changes in rheumatic patients. 

In this study the Biotest Diagnostic Series of 
Clonab monoclonal anubodies (fluorochrome 
conjugated reagents for T cell typing) were used 
to determine T cell subsets in the studied groups 
of patients and controls. The CD3+, CD4+, 
and CD8+ monoclonal antibodies identify 
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respectively all mature peripheral blood T 
lymphocytes, helper T cells, and suppressor T 
cells. 

The present study revealed that there was a 
significant decrease in CD8+ and CD3+ and 
significant increase in the H:S ratio in children 
with active RHD as compared with controls 
(p<0°001, 0°01, 0-001, respectively, table 2). 
CD4+ cells showed a non-significant increase in 
the active group when compared with the 
controls (table 2). 

Other studies done on patients with acute 
rheumatic fever revealed significant depression 
of OKT1+ and OKT4+ with insignificant 
increase in OKT8+ cells.’° Another in vitro 
study on tonsillar tissues from rheumatic 
patients revealed an increased CD4+:CD8+ 
ratio after exposure to streptococcal products. '” 

Our children with non-active RHD showed a 
significant decrease in CD3+ only (table 2, 
p<0:001), with no significant change in IL-2, 
CD4+, CD8+, and the H:S ratio. These results 
imply that deficient CD3+ can be considered a 
constant finding in RHD whether active or not. 

By comparing active and non-active RHD we 
observed a significant increase in IL-2 and the 
H:S ratio with a significant decrease in CD8+ 
cells. Thus a constant increase of IL-2 and a 
decrease in CD8+ cells were observed in 
patients with active RHD in comparison with 
both controls (tables 2 and 3, respectively) and 
the non-active RHD group. These data may add 
another constant finding that is related to 
rheumatic activity. 


CONCLUSION 

Deficient CD3+ cells can be considered a 
constant finding in patients with RHD, whether 
active or non-active. Also the significant increase 
in serum concentrations of IL-2 and the signifi- 
cant decrease in CD8+ cells can be considered 
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as a finding related to rheumatic activity. 
Finally another study has been planned to eva- 
luate tumour necrosis factor-a, interleukin-I B 
(IL-IB), and natural killer cell function in active 
and non-active RHD. 
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Bronchoscopy in lipoid pneumonia 


M Kameswaran, S H Annobil, B Benjarrin, M Salim 


Abstract 

Forcible administration of rendered animal fat 
to infants is a tradition in south western Saudi 
Arabia. Accidental inhalation may result in a 
resistant form of lipoid pneumonia. A series ef 
24 cases of lipoid pneumonia, 22 of which 
were diagnosed by bronchoscopy with broa- 
chial lavage and microscopic examination ef 
the aspirate, are reported. The technique :s 
described boefly and the results analysed. 4 
high index» of suspicion together with 
bronchascopy and bronchial lavage of all 
cases of resistant or recurrent pneumonia is 
essential in a-eas such as ours for diagnosis of 
this condition. 


(Arch Dis Child 1992,67:1376~-7) 


Since the first chnical report of lipoid pneumonia 
in 1925,’ numerous cases have been reported -n 
the word Lterature with a peak of reportirg 
in the 1540s “ ? With an increasing realisation of 
the deleterious effects of inhaled oil and the 
subsequent 2imination of oily medication ard 
nasal drops, taere has been a dramatic decline n 
the occurrerce of these cases. 

In certain geographical areas, however, traci- 
tional customs and habits may predispose to the 
condition. In the Tihamat Asir region bf 
south western Saudi Arabia, rendered animal 
fat or ghee, called ‘saman’, is administered 
forcibly to neonates and infants by an elder'y 
relative in th> belief that it contributes to the 
well being of the child. Accidental inhalation of 
this animal et with resulting lipoid pneumonia 
is consequertly very common in this area. This 
paper highlizats the role of bronchoscopy in the 
diagnosis and treatment of these cases. 


Patients and methods 

Children wth resistant or recurrent pneumomia 
presenting over a three year period to Asir 
Central Hospital, the only tertiary care facility 
in the regicr., were studied. All the children 
were referred to the otolaryngologist by paedn- 
tricians. A detailed history including history >f 
feeding of saman was obtained in each case. A 
chest radmzraph was performed befare 
bronchescopy. 

Bronchoscopy was carried out by using a 
Storz ventilating paediatric bronchoscope of tie 
appropriate size. Any secretion in the trachea Dr 
bronchi was aspirated using a sterile suction 
connected to a ‘mucus trap’. When secretioas 
were scenty, >ronchial lavage was carried out Dy 
instilling 1-2 ml of sterile normal saline into ne 
tracheobrorchial tree and aspirating the conterts 


after ventilating a few times. The aspirate was 
viewed macroscopically against a bright light 
and any oily droplets floating on the surface 
were noted. The aspirate was subjected to 
microbiological studies, including Gram and 
Ziehl-Neelsen staining, appropriate bacterial 
and fungal cultures, and special stain for fat (oil 
red 0). The gross bronchoscopic findings such 
as the state of the mucus membrane, the pre- 
sence or absence of secretions, their nature, and 
presence of any other endobronchial pathology 
were noted. Chest radiographs were repeated 
within 24 hours of performing the bronchoscopy. 
The condition of the patient at follow up, 
particularly at one month after bronchoscopy, 
was also noted. All data were entered into a 
SPSS/PC computer program for analysis. 


Results 

Out of a total of 115 pediatric bronchoscopies 
performed in Asir Central Hospital over a three 
year period, foreign bodies were found in 37 
cases, recurrent or non-resolving pneumonias in 
43 cases, and various forms of airway obstruction 
in 35 cases. Twenty out of the 43 cases (47%) of 
resistant or recurrent pneumonia and two out of 
35 cases (6%) of airway obstruction tested 
positive for lipid by the method outlined above. 
None of the children with a foreign body tested 
positive. Two of our first cases were diagnosed 
by open lung biopsy because of our relative 
inexperience initially with the diagnostic techni- 
ques in lipoid pneumonia. Our series, therefore, 
had 24 cases of microscopically or histologically 
confirmed cases of lipoid in the tracheobron- 
chial tree, making it one of the largest reported 
series of lipoid pneumonia. 

Our patients had a median age of 9°5 months 
with a range of 1-132 months. Both sexes were 
similarly represented and all excepting one child 
were Saudis. The main clinical presentation ts 
summarised in the table, and a representative 
chest radiograph is shown in the figure. 

The reliability of history in the diagnosis of 


Clamcal features tn 24 children with hpoid pneumonia 


Feature No(%) 
eee 15 (63) 
ever 
Cough 17 (71) 
Failure to thrive 2 (8) 
Recurrent ‘chest infections’ 6 (25) 
$ 
Respiratory distress = a 
yanosıs 
Rales 10 (42) 


Bronchoscopy in lipoid pneumonia 





Chest radiograph of a Lape with oe pneumomia showing 
extensive consolidanon of the nght lung. 


lipoid pneumonia was assessed in our series. A 
positive history of ghee administration was 
obtained in 21 of 24 (88%) cases. In six of these 
only repeated questioning produced this his- 
tory. The remaining three patients with an 
uncertain history of ghee ingestion were 
severely handicapped children with cerebral 
palsy and feeding problems. In these cases milk 
aspiration as a cause of lipoid pneumonia could 
not be excluded with certainty. 

Bronchoscopy in these children with lipoid 
pneumonia was not accompanied by any mor- 
bidity or mortality in our series. The chest 
radiograph taken 24 hours after bronchoscopy 
showed improvement in 19 cases, no change in 
three cases, and deterioration in none. 
However, this improvement was not sustained 
at one month after bronchoscopy as all patients 
needed further therapeutic measures such as 
corticosteroids. Thus bronchoscopy was less 
efficient as a therapeutic method than as a 
diagnostic tool as therapeutic benefits were not 
sustained over a period of time. 


Discussion 

Diagnosis of lipoid pneumonia has always posed 
challenges to the clinician. In earlier reports, 
diagnosis was often postmortem.’ Some authors 
have found chest radiographs to be diagnostically 
useful. However, we have not been able to 
demonstrate any distinct radiological patterns.°® 
Although computed tomography has been 
advocated in the diagnosis,® patients with mini- 
mal and diffuse infiltration or with extensive 
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fibrosis may not reveal the typical computed 
tomography densities of lipid. Fine needle 
aspiration and open lung biopsy seem to have 
also been advocated as diagnostic methods in 
lipoid pneumonia.’ Apart from being invasive, 
the technique has the added disadvantage of 
being sometimes difficult-to perform due to the 
inaccessibility of the lesion. Bronchoscopy with 
bronchial lavage has been previously employed 
and lipoid material demonstrated within 
macrophages and lying free in the aspirate. We 
have at times observed lipoid material floating 
on the surface of the bronchial lavage even when 
examined by the naked eye. Bronchoscopy also 
gives the physician an opportunity to rule out 
other causes of recurrent bronchopneumonia 
such as neglected foreign bodies. The authors 
have preferred the use of a rigid ventilating 
bronchoscope, although a flexible bronchoscope 
may also be used for this purpose. 

In centres where lipoid pneumonia is 
uncommon, it becomes important to establish 
the precise nature of the lipid by detailed 
chemical analysis to establish its source. 
However, ın Saudi Arabia, where traditional 
practices account for the vast majority of the 
cases, such analysis is perhaps superfluous and 
not cost effective as the exact nature of the 
aspirated lipid is already known. 

In areas where lipoid pneumonia is common, 
a high index of suspicion combined with bron- 
choscopy and bronchial lavage and staining of 
the aspirate for lipid seems to be a reliable and 
minimally invasive method for diagnosing the 
condition. If the bronchoscopy is inconclusive, 
other diagnostic methods may be needed. In 
children of 3 years of age and older, trans- 
bronchial biopsy may be helpful for establishing 
the diagnosis. We believe that open lung biopsy 
should be reserved for those few cases where the 
preceding less invasive methods are unhelpful. 


1 Laughlin GF. Studies on pneumonia following nasopharyngeal 
injections of oil Am: 7 Pathol 1925,1 :407_15. 
2 Bishop G Oil aspiration pneumonia and pneumolipidosis 
Ann Intern Med 1940 ,23:1327-59 
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S India. BMI 1973319:329-3 1 
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7 Elston Pneumonia due to Liquid paraffin with chemical 
analysis. Arck Dis Child 1966;41:428-33 
8 Wheeler PS, Sunk FB, Hutchins GM, Klinefelter HF, 
Seigelman SS Diagnosis of ee pneumonia by computed 
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Causes of death in children diagnosed with 
non-Hodgkin’s lymphoma between 1974 and 1985 


C M Robe2ctson, C A Sniller, J E King:ton 


Abstract 

An investtgation has been undertaken of 179 
deaths occurring up to the end of 1990 among 
883 patients diagnosed with non-Hodgkn’s 
lymphome from 1974 to 1985 who were 
included in the population based Naticnal 
Registry of Childhood Tumours. The ob ec- 
tives were to perform a descriptive anal-sis 
looking particularly at the deaths not directly 
due to nor-Hodgkin’s lymphoma, to determine 
the frequer.cy of the different causes of death 
and to study the trends over time. 

Among the 476 patients with sufficent 
information for the cause of death to be 
established, these were: non-Hodgkin’s Ivm- 
phoma, 377 (79%); treatment related (other 
than secoad primary tumour), 86 (18%); second 
primary tumour, 10 (2%); and other, three 
(1%). The proportion of all deaths not dire=tly 
due to non-Hodgkin’s lymphoma increased 
from 15% ror those diagnosed during 1974-6 
to 32% for those diagnosed during 1983-5. 

Among the 86 treatment related deaths, the 
more precise causes were bacterial infectiens, 
26 (30%); riral and other infection, 14 (1€%); 
metabolic, 19 (22%); renal, eight (9%); anaes- 
thetic refaited, seven (8%); respiratory, Zour 
(5%); cardaac, three (3%); graft versus host 
disease, three (3%); and other, two (2%). 
Treatment related deaths from infection ac- 
counted far 27 (6%) of all patients diagnosed 
in 1974-9, and 13 (3%) in 1980-5. Treatment 
related decths not due to infection occurred in 
23 (5%) cf those diagnosed in 1974-9 and 23 
(6%) m 190-5. Five treatment related decths, 
including four anaesthetic related decths, 
were identified as avoidable. Some of the 
deaths from metabolic and renal disease may 
also have been avoidable. 

Only 11 deaths have been recorded more 
than five years after diagnosis, six being due 
to second primary tumours. As follow up is 
relatively short for patients diagnosed more 
recently, further deaths from second malig- 
nancies and treatment related cardiovascular 
problems may well occur. 

A substantial number of children with 20n- 
Hodgkin's lymphoma die of treatment related 
causes. Deaths from infection have decreased 
in line wich the overall improvement in survival 
rates. Orker treatment related mortality has 
remainec constant. Further improvements in 
survival for childhood non-Hodgkin’s lym- 
phoma will depend on maintaining the fine 
balance between the therapeutic valu2 of 
intersive treatment and its potential harmful 
effects. 

(Arch Dis Chald 1992;67:1378-83) 


A detailed analysis of survival rates for children 
in Britain with cancer diagnosed from 1971 to 
1985, using data from the population based 
National Registry of Childhood Tumours 
(NRCT), has been published.’ As expected, 
following the advances that have been made in 
treatment, this showed a dramatic improvement 
in survival in most diagnostic groups. One of 
the most striking results was the increase in the 
five year survival rate for children with non- 
Hodgkin’s lymphoma from 24% in the mid 
1970s to 70% in the mid 1980s. As survival rates 
improve it is increasingly important that the 
nature and frequency of the short and long term 
effects of cancer treatment are determined. The 
effects of treatment have often been studied at 
individual centres and in clinical trials, but few 
results are available from population based data. 
Long term effects have been the subject of a 
number of population based studies in Britain? 3; 
multicentre studies of late effects have been 
carried out by the Late Effects Study Group* ° 
and investigations are in progress by the late 
effects group of the United Kingdom Children’s 
Cancer Study Group (UKCCSG). 

In large population based studies it is difficult 
to obtain the necessary clinical details to deter- 
mine the morbidity associated with the treat- 
ment of cancer. It is more practicable to study 
mortality and use the cause of death as an 
outcome measure. Obviously this will only 
detect the more severe effects of treatment, but 
none the less it is particularly important to have 
information on such effects. Hawkins et al have 
shown that studying the causes of death more 
than five years after diagnosis is an effective way 
of discovering severe treatment related effects 
and also potentially preventable deaths.’ It is 
more difficult to determine the causes of earlier 
deaths as tumour and treatment effects can be 
difficult to separate. There have been few 
studies of deaths among children with cancer 
within five years of diagnosis. A small, single 
institution study of 37 deaths in children with 
acute lymphoblastic leukaemia concluded that 
five of the deaths occurring during induction or 
in primary remission, and not due to the malig- 
nancy itself, might have been prevented by 
appropriate diagnosis and treatment.° 

The underlying cause of death recorded on 
the death certificate may well be unreliable.’ 
Therefore it is necessary in a study of causes of 
death to glean as much information as possible 
from other sources, particularly hospital records. 

The purpose of our study was to investigate 
the causes of death among children with non- 
Hodgkin’s lymphoma included in the above 
mentioned analysis of survival rates. Our objec- 
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tive was to carry out a descriptive analysis, 
paying particular attention to the deaths not 
directly due to the original tumour and to 
determine the frequency of the different causes 
of death and also to observe any trends with 
time. We hoped to be able to identify poten- 
tially avoidable deaths. We chose to investigate 
children with non-Hodgkin’s lymphoma as they 
represent a large group for which there has been 
a striking improvement in survival during the 
study period, and many of whom have received 
intensive treatment, often within the UKCCSG 
non-Hodgkin’s lymphoma trials.* ? 


Subjects and methods 

The NRCT is a population based registry of 
cancer in children under the age of 15 years 
which covers the whole of Great Britain. Cases 
are ascertained from national and regional 
cancer registries, specialist regional children’s 
tumour registries, notifications to clinical trials, 
and the UKCCSG. The registry receives death 
certificates for all deaths occurring in Britain 
under the age of 20 with a neoplasm coded as 
the underlying cause of death. At about five 
years from diagnosis the medical records of 
children in the registry are checked to confirm 
the diagnosis and to obtain a brief outline of 
treatment and follow up. The survivors, together 
with any children who have died but for whom 
no death certificate has been received, are 
flagged in the National Health Service Central 
Registers so that the NRCT receives a copy of 
the death certificate for any patient who has 
already died or who dies subsequently. 

For this study non-Hodgkin’s lymphoma was 
defined as all diagnoses in groups I[b—d in the 
Birch and Marsden classification,'® including 
Burkitt's lymphoma and unspecified lymphoma. 
There were 883 children in the NRCT with 
non-Hodgkin’s lymphoma diagnosed during 
1974-85. Cause of death was studied in all 479 
patients from the series who had died at any 
time from diagnosis up until the end of 1990. 

The main source of information was the files 
held by the NRCT, which include death certifi- 
cates, cancer registrations, UKCCSG registra- 
tions and follow up forms, and abstractions 
from general practitioner notes and hospital 
notes. When the information in the files was 
inadequate, and also in all instances where the 
circumstances of death were unusual or the 
death was judged not to be due to non- 
Hodgkin’s lymphoma further information was 
sought. This was obtained from hospital notes 
and necropsy reports, from the files of the 
UKCCSG for a few children included in 
UKCCSG trials, and in a few instances by direct 
questions to the consultant. 

The sources of information used on the 479 
deaths in the study were: death certificates (472) 
(for seven patients who died abroad, no death 
certificate was available), routine follow up 
information (474), hospital notes (115), necropsy 
reports (69), and information from trials (seven). 

The full series of 883 children was classified 
by primary site as follows: head and neck, 221; 
mediastinal and other thoracic, 187; intra- 
abdominal, 214; other specified sites, 78; and 


1379 


unspecified, 183, mostly children with widely 
disseminated disease at diagnosis in whom a 
primary site could not reliably be identified. 

For each death the following information was 
collected: (A) the International Classification of 
Diseases eighth and ninth revisions!! '* code for 
underlying cause of death on the death certificate, 
as coded by the Office of Population Censuses 
and Surveys for England and Wales and by the 
Information and Statistics Division of the 
Scottish Health Service. (B) The underlying 
cause of death, based on all available information, 
assigned by us to one of the following broad 
categories: original tumour (non-Hodgkin’s 
lymphoma); treatment related (other than 
second primary tumour); second primary 
tumour; violent or accidental death; other 
unrelated medical condition; and insufficient 
information. This classification is based on the 
classification of cause of death used by Hawkins 
et al in their paper on late deaths.* (C) Evidence 
of presence of a tumour at time of death. (D) 
Site and date of first relapse. 

The following conventions were used in 
assigning the deaths to these broad categories. 
Bronchopneumonia was often given as the cause 
of death in children who had gradually deter- 
iorated with recurrent tumour; these deaths were 
all coded as tumour deaths rather than infection. 
If a child died from infection while receiving 
chemotherapy or within six months of stopping 
treatment the death was coded as treatment 
related. The death of one patient who had had a 
splenectomy and subsequently died of pneu- 
mococcal meningitis while in remission was also 
coded as treatment related. When death occurred 
from any cause and there was insufficient 
evidence to determine whether the patient had 
active disease at the time, then the death was 
coded as insufficient information. A second 
doctor reviewed all cases where the cause of 
death was coded as not due to the orginal 
tumour or where there was uncertainty about 
the cause of death. 

Actuarial survival analysis was performed to 
determine the risks of dying from a particular 
cause of death in relation to type of treatment 
centre and whether the child had been included 
in a clinical trial. Children who did not receive 
any form of treatment or have a biopsy sample 
taken were excluded from the analyses of the 
mortality rates. In calculating rates for particular 
subcategories of cause of death, patients dying 
of causes other than that in question were 
censored at the time of death. 


Results 

Table | shows the causes of death as assigned by 
us using all available sources of information. 
There were three deaths for which the informa- 
tion available was insufficient to determine the 
cause of death. The numbers of deaths due to 
specific causes have been expressed as percen- 
tages of the remaining 476 deaths. Using all 
available sources we found that 377 (79%) died 
from non-Hodgkin’s lymphoma and 99 (21%) 
died from other causes. Ten (2%) children died 
from second primary tumours; these consisted 
of six with acute myeloid leukaemia, two with 
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Table 1 Cctaparison of cause of death as coded by the Office of Populanon Censuses and Surveys on the death certificate and 
cause of decti ce‘ermined using all available sources of mformation 





Cause o° demk or Cause of death using all aomlable mformanon 
death cenficcté 

Onginal Trectment Second Accident Other Unknoton Total 

lummour relased primary medical 

tumour cause 

Non-Hcdgkin’s lymphoma 293 59 os oe l 3 356 
Acute lympboSlagr> leukaemia 43 10 l — - ~— 54 
Unspecafied eakzeania 3 l — — noe — 4 
Acute myeloskstr leuksemia i ~= 5 — -l -l 6 
Other or unşecäãed neoplasm 24 8 4 oe — = 36 
Other cause 6 8 = l l _ 16 
Died oversees 7 — ~~ anne pesen _ 7 
Total 377 (79%)* 86 (18%)' 10 (2%)' l 2 3 479 


"Number in parmhess ıs expressed as a percentage of the 476 patients with known cause of death 


osteosarcoma. and two with astrocytoma. One 
child diec in a road traffic accident which was 
completely tnrelated to the non-Hodgkin’s 
lymphoma. The two children who died from 
other disorders had underlying immunodeficien- 
cies (WisxoteAldrich and Bloom’s syndrame) 
and iz was judged that they died from these 
disorders rather than from the non-Hodgkin’s 
lymphoma or izs treatment. 

Table _ alzo shows the underlying cause of 
death as given on the death certificate. In most 
patierts th2 death certificate code and the ‘all 
sources’ ccde were consistent. Nine of the 10 
second mmaignancies had been coded correctly 
on the death certificate. There were 32 patients, 
however, wh2re the death certificate gave the 
cause of death as a neoplasm other than non- 
Hodgkin’s lymphoma or leukaemia (including a 
wide var.ety of tumours from thymoma to 
osteosarcoma) when the ‘all sources’ code was 
not a secord primary tumour. Seventy eight of 
86 deaths judged to be treatment related on the 
basis of all ava lable evidence were coded on the 
death certificate as death due to the tumour. 
This zan be partly explained by an anomaly in 
the Interrananal Classification of Diseases eighth 
revision'’ (used for coding deaths occurring 
before 1979) in which any death caused by 
treatment wa3 coded to the disease for which the 
treatment was being given. This was amended 
in the Irternetional Classification of Diseases 
ninth revision’? so that death caused by an 
untoward effect of treatment should be coded as 
such. In this study only one (3%) of the 35 
treatment related deaths that occurred before 
1979 was coded to a non-tumour cause on the 
death cer-ilica-e, compared with seven (14%) of 
the 51 that o>curred from 1979 onwards. Thus 
although the proportion of treatment related 
deaths assizn2d to a non-tumour cause increased 


Toole 2 Natur: of treatment related deaths 


Saabcategories 


Inzection 

Eacterial 

Viral plus othe- 
Metabolic disorder 
Anaesthetic relatez 
Renal disease 
Cerdiac disease 
Eeepiratory diseaze 
Greft-versus-host 

disease 


Orher 
Toral No (%) 


No dur-ng No ın No m Tatal 
first mductor remission relapse No (%) 
ll 5 10 26 £30) 
2 8 4 14 (16) 
19 0 0 19 (22) 
5 0 2 7 (8) 
7 0 l 8 (9) 
0 2 ] 3 (3) 
2 2 0 4 (5) 
0 3 0 3 (3) 
2 0 0 2 (2) 
48 (56° 20 (23) 18 (21) 85 (100) 


with the change in coding practice, it remained 
low. 

Table 2 gives an analysis of the 86 deaths 
considered to be due to treatment related 
factors. The subcategory with the largest 
number of patients was the group with infections; 
bacterial infections outnumbered viral and other 
infections by nearly two to one. There were no 
deaths from infection more than six months 
after chemotherapy had ended, except for one 
patient with pneumococcal meningitis thought 
to be related-to a previous splenectomy. Other 
significant groups were the metabolic, anaesthe- 
tic, and renal deaths. Twelve of 19 metabolic 
deaths and four of eight deaths due to renal 
disease were in children with known abdominal 
primary tumours. These accounted for the fact 
that 26% of the deaths in this primary site group 
were treatment related compared with 18% 
overall. Table 2 also shows the number of 
deaths occurring during induction, in remission 
and in relapse. Over half (48; 56%) of the 
treatment related deaths occurred during initial 
induction and only 20 (23%) occurred during 
remission. A further 18 (21%) occurred in 
patients undergoing treatment for relapsed 
disease and many of these were probably 
unavoidable. Table 3 describes the causes of the 
86 treatment related deaths in more detail. 

There were 19 deaths among children who 
had previously received a bone marrow trans- 
plant. Of these, 11 died from relapsed non- 
Hodgkin’s lymphoma. For the remaining eight 
children the causes of death were as follows: 
three graft versus host disease, three infections, 
one second primary tumour, and one cardio- 
myopathy. 

Table 4 gives the number of deaths due to 
non-Hodgkin’s lymphoma and other causes for 
four different time periods of diagnosis. The 
total number of deaths and the number of 
deaths from non-Hodgkin’s lymphoma de- 
creased over the study period, but the number 
of deaths from causes other than non-Hodgkin’s 
lymphoma has remained nearly constant. Thus 
as a proportion of the total deaths, these 
increased from 15% (26/173) for the years of 
diagnosis 1974-6, to 32% (20/62) for 1983-5. 
The numbers in each category of deaths from 
causes other than non-Hodgkin’s lymphoma are 
small but the data suggest that although the 
deaths from infection decreased with time, the 
treatment related deaths other than those from 
infection remained static within the period of 
follow up for the study. 


Causes of death tn children with non-Hodgkin's lymphoma 
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Table 3 Details of treatment related deaths 





Subcategory 


Detailed cause of death 





Infection—Bactertal 
Organism specified 


Unspecified 


Infectton—viral and other 
Specified 


Unspecified 


Metabolic disorder 


Anaesthetic related 


9 Escherichia colt septicaemia 

2 septicaemua (ane in perianal infection) 

2 with mixed Gram negative plus streptococcal septicaemia 
1 Staphylococcus aureus septuicaemua 

2 poeumococcal meningitis (ome in splenectomy patent) 

] pseudomonas menapis 

5 septicaemua (one tis plus one perinanal infection) 

2 pneumonia 

1 peritonitis and colonic abscess 

1 meningius 


halitis 

death soon after laparotomy for extensive abdominal tumour (no chemotherapy) 

sudden death soon after branchoscopy and biopsy, extensive tumour 

metabolic disturbance after first doses of chemotherapy 

during operation for paracentesis 

during anaesthetic induction for mediastinal biopsy (superior vena cava obstruction before operation) 
1 during anaesthetic for cervical lymph node biopsy (superior vena cava obstruction before operation) 
1 during anaesthetic for pentoneal tap and bone marrow 


] inhaled gastric contents during anaesthetic for laparotomy for sample for abdominal mass 
1 during anaesthetic for laparotomy for biopsy sample of Labia peer 

1 acute hea falure during operation for insertion of Hickman hne, after first relapse 

1 during ansesthetic induction for removal of Broviac catheter Tracheal obstruction from 


renal fatlure following circulatory collapse, after an operation 
for abdommal 


tumour with renal disease or obstructive nephropathy 


bilateral phrenic nerve palsies, after removal of mediastinal mass 


bilateral pneumothoraces while ventilated after lymph node biopsy 
Ai soles arrest following thoracotomy for biopsy sample of mediastinal mass 


I 

l 

3 y for 

1 renal failure, bilateral renal tumour, after only biopsy of shoulder mass 
l 

l 

l 

l 


in patient with ataxia telangiectasia 
1 unknown aetiol 


obstruction, unknown aetiology, uon 


undiagnosed relapse 
Renal disease renal failure from high dose cytosine 
renal failures soon after 
Respiratory disease 
fibrosis from radiothera 
Cardiac disease 2 cardiomyopathy, | adriamycin, an 
I superior vena cava 
Graft versus host disease 3 patients 
Other 


1 toxic ep 


There were only 11 late deaths (more than 
five years after diagnosis) in the study and this 
explains why actuarial survival analyses were 
not required for interpreting the data in table 4. 
Of these late deaths all but two were deaths 
other than from non-Hodgkin’s lymphoma, six 
being caused by a second primary tumour. The 
distribution of the second primary tumour 
deaths by period of diagnosis, with relatively 
few second primary tumour deaths recorded so 
far among children diagnosed ın 1980-5, can be 
explained by the fact that the latent interval for 
occurrence of secondary solid tumours is about 
10 years. Therefore further late deaths from 
second malignancies are likely to occur. The 


Table 4. Total number of cases of non-Hodgkin’s lymphoma d , deaths from 
non-Hodgkin’s lymphoma and deaths from causes other than non-Hodgkin’s lymphoma by 
penod of diagnosis Three deaths with insufficient information have been excluded. Results 


given as No (%) of total number of cases diagnosed in each calendar period 


Year of diagnosis 


1974-6 1977-9 1980-2 1983-5 Total 

No of cases diagnosed 237 237 205 204 883 
No of deaths due to non-Hodgkin’s 

lymphoma 147 (62) 117 (49) 71 (35) 42(21) 377 (43) 
Total deaths not due to non-Hodgkin's 

lymphoma 26 (11) 32 (13) 21 (10) 20 (10) 99 (14) 
Nature of deaths not related to non-Hodgkin’s lymphoma 

Treatment related infection 12 (5) 15 (6) 7 GB) 6 (3) 40 (4) 

Treatment related, not an infection 12 (5) 11 (5) 11 (5) 12 (6) 46 (5) 

Second primary tumour l 5 2 2 10 (1) 

Other* l I l 0 3 


*Accxdent and other medical cause unrelated to tumour or Its treatment 


1 acute Sn r six weeks after treatment started, ?drug toxicity 
necrolysis during induction, *tobramycin 


latent interval for secondary leukaemias is four 
to six years and it therefore appears unlikely 
that many more of these will occur in this 
cohort. 

The 608 children who were diagnosed from 
1977 (when the UKCCSG was formed) onwards 
and who received radiotherapy or chemotherapy 
for non-Hodgkin’s lymphoma were classified 
according to whether they were treated at a 
paediatric oncology centre under a consultant 
who was a member of the UKCCSG and 
whether they were treated in the UKCCSG non- 
Hodgkin’s lymphoma trials (including the 
T cell trial and patients registered with the 
UKCCSG as receiving the modified first study 
protocol). The five year survival rate for the 484 
UKCCSG patients was 61% compared with 41% 
for the 124 patients treated elsewhere. The five 
year survival for the 241 trial patients was 63%, 
whereas for the 367 non-trial children it was 
54%. The actuarial risks of treatment related 
deaths were not significantly different between 
UKCCSG and non-UKCCSG patients (y?=0°39 
on one degree of freedom) nor between trial and 
non-trial patients (y7=0°34 on one degree of 
freedom). 


Discussion 

This study has confirmed that the official 
statistics available on cause of death as deter- 
mined from death certificates are inadequate for 


detecting treatment related deaths, even after 
the modification to coding of treatment related 
deaths introduced with the ninth revision of the 
Interraticmal Classification of Diseases. There- 
fore it mortality is to be used as an outcome 
meastre to detect severe treatment related 
effects, it is essential that all available sources of 
information are used to determine the precise 
cause of dath. 

During the period 1974-85 treatment for 
non-Hodgkin’s lymphoma became increasingly 
intensive, producing a marked improvement in 
survival. The percentage of patients dying from 
causes other than non-Hodgkin’s lymphoma did 
not increase during the study period, but as a 
result of the dramatic decrease in the percentage 
of patients dying from non-Hodgkin’s lymphoma 
the proportion of the total number of deaths 
accounted for by causes other than non- 
Hodgkin’s lymphoma had doubled from 15% to 
32%. 

Treatment related mortality from infection 
nearly halved during the study period, pre- 
sumably gs a result of the improvements in 
general sidportive management and increased 
availzbilix, of therapeutic and prophylactic 
antib-otics and antiviral agents. 

It 1s of concern that the non-infective, treat- 
ment relet2d mortality remained constant, but 
also reassuring that it has not increased. The 
largest subcategory within this group was the 
metabolic disorder deaths. These deaths all 
occurred soon after diagnosis, in children who 
were already unwell because of their tumour. It 
did seem, however, that medical intervention 
(an operation or starting chemotherapy) precipi- 
tated their deaths. Nearly half occurred after 
starting Chemotherapy, mainly within 24 hours. 
The res‘ occurred during or soon after a 
diagrosti< operation in children with extensive 
disease which affected the abdomen in all but 
one patierct. Although tumour lysis can occur 
without aay medical or surgical intervention 
there is alco evidence that it can be precipitated 
by handling of the tumour during an operation. ! 
Over the past few years there has been an 
increasing awareness of the careful initial 
manggement that is required for children with 
non-Hodgekin’s lymphoma who have extensive 
disease. Ir. particular the gentle introduction of 
chemotherapy and also the increased use of fine 
needie biopsy guided by ultrasound or computed 
tomography instead of laparotomy should 
reduce mcrtality from metabolic disturbances in 
future yeacs. 

Tke treatment related deaths from renal 
disease include six patients where there was 
renal disease or obstructive nephropathy from 
an abdominal tumour. These patients were 
included because an operation seemed to preci- 
pitate ther deaths, which were thus possibly 
avoicable. The deaths related to an anaesthetic 
included-tyvo patients with compromised airways 
from superior venous cava syndrome which had 
been diagnosed before the operation, one patient 
with an tcdiagnosed mediastinal relapse causing 
trackeal obstruction, and one patient who inhaled 
gastric centents during the operation. 

It is ixpossible to classify all the treatment 
related deaths into avoidable or unavoidable, 
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but there are a few that almost certainly were 
avoidable. These included the four anaesthetic 
related deaths and also the patient who died of 
pneumococcal meningitis following splenectomy 
who was not receiving penicillin prophylacti- 
cally. It is likely that some of the deaths related 
to metabolic and renal disease were also avoid- 
able. 

Most of the treatment related deaths in this 
study occurred within a few months of diagnosis. 
There were only two deaths from cardiomyo- 
pathy at 15 and 30 months after diagnosis. 
Children who have been treated with doxorubi- 
cin (Adriamycin) apparently remain at risk of 
death from cardiomyopathy for many years! 
and it is not yet possible to predict how many 
members of the study group will eventually die 
of treatment related cardiovascular problems. It 
is evident, however, that continued long term 
evaluation of these patients is essential not only 
for their care, but also for planning future 
chemotherapeutic treatment. 

The occurrence of second primary neoplasms 
following childhood non-Hodgkin’s lymphoma 
is already well documented, particularly among 
the patients included in the UKCCSG non- 
Hodgkin’s lymphoma I study.! Of the 10 
patients in this series, five have been reported 
previously’? 1°; the five previously unreported 
patients included three with acute myeloblastic 
leukaemia, one with osteosarcoma, and one 
with astrocytoma. This emphasises the point 
that the occurrence of second primary tumours 
in children treated for non-Hodgkin’s lymphoma 
is a continuing problem and the long term risks 
of second primary tumours in patients who have 
received intensive treatment for non-Hodgkin’s 
lymphoma are as yet unknown. Treatment for 
cancer with radiotherapy and chemotherapy, 
particularly the alkylating agents, 1s associated 
with an increased risk of developing a second 
primary tumour.*> There is mounting evi- 
dence that epipodophyllotoxins are implicated 
in the occurrence of secondary leukaemias 
following treatment for a variety of adult and 
childhood cancers and especially non- 
Hodgkin’s lymphoma.'’~’? This is of particular 
relevance as teniposide, one of the epipodo- 
phyllotoxins, was part of the protocol in the 
UKCCSG non-Hodgkin’s lymphoma trials.* °? 
Children continued to be treated with these pro- 
tocols after the official closure of the trials in 
1983. 

The difference in five year survival rate for 
children treated during 1977-85 in UKCCSG 
centres compared with those treated elsewhere 
was similar to that previously reported for 
1977-84." The risk of dying from a treatment 
related cause, however, did not vary significantly 
with the type of treatment centre or entry into 
trials. Despite apparently inadequate treatment 
outside paediatric oncology centres, the risk of 
death from a treatment related cause was just as 
high as for patients treated more effectively and 
presumably more aggressively in UKCCSG 
centres. 

In conclusion, a substantial number of child- 
ren diagnosed with non-Hodgkin’s lymphoma 
during the period 1974-85 died from treatment 
related effects and as survival improves these 
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deaths are becoming a larger proportion of the 
overall number of deaths. The number of 
deaths from infection is probably decreasing. 
Therefore further reductions in treatment related 
mortality are likely to depend on the prevention 
of deaths from metabolic and renal disorders, 
especially in children with intra-abdominal 
primary tumours, and in preventing deaths 
from complications of anaesthesia. As more is 
learnt about the aetiology of second primary 
tumours it may become possible to prevent 
some of them without compromising the present 
high survival rates for non-Hodgkin’s lym- 
phoma. Further improvements in survival 
for childhood non-Hodgkin’s lymphoma will 
depend on maintaining the fine balance between 
the therapeutic value of intensive treatment and 
its potential harmful effects. 
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Antiphospholipid antibody associated thrombosis in 


juvenile chronic arthritis 
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Abstract 

A child with systemic onset juvenile chronic 
arthritis (MCA) who developed a bilateral 
femuropop-iteal vein thrombosis after plaster 
immobilisacion following a tibial fracture is 
described When the thrombosis was diag- 
nosed, artphospholipid antibodies detected 
either as ipus anticoagulant and anticardio- 
lipin antibodies were found. This suggests that 
short term prophylactic antithrombotic treat- 
ment shorli be considered in antiphospholipid 
antibody positive JCA patients who require 
immobilisacion after fractures of deminera- 
lised tones. 


(Arch Das Ch ud 1992;67:1384-6) 


There is e~idence that patients with anti¢ho- 
pholipid antibodies, detected as lupus anti- 
coagulant LAC) or as anticardiolipin antibodies 
(aCL), herve a tendency to thromboembolic 
phenomere, both arterial and venous. However, 
follow up studies have shown that only a 
minority cf patients with these antibodies 
develcp tozombosis,’ and the real predictive 
value of antiphospholipid antibodies for 
develcpinz thrombosis is not yet established. 

Recenthy, we found a high prevalence of aCL 
in patients with juvenile chronic arthritis (JCA).? 
However, we failed to demonstrate any relation- 
ship ketw2en aCL and those clinical manifesta- 
tion usualy associated with these antibodies. 
Moreover, <o the best of our knowledge, no case 
of antiphcespholipid antibody associated throm- 
bosis reper-ed in children had JCA.” 

We descvibe here a child with systemic onset 
JCA who ceveloped a bilateral femuropoplteal 
vein thrembosis after plaster immobilisation 
following a tibial fracture. At the time when the 
thrombose was diagnosed, we found the pre- 
sence of Ecth LAC and aCL. Our case suggests 
that antipaespholipid antibodies may be an 
important cofactor for developing thrombosis in 
children with JCA when another potentially 
thromborhilic event occurs. 


Case report 

In 1978 a tov, aged 4 years, presented with nigh 
spiking fever, rash, and polyarthritis. A diagno- 
sis of systemic onset JCA was made in our 
department in 1980 and the child was treated 
with salicy.ates, auranofin and, during systemic 
and/or art cular exacerbations, with cycles of 
low dose caily prednisone. Over the following 
years the disease remained active with persistent 
systemic -ranifestations and severe polyarthritis. 
In the meantime, the boy progress:vely 


developed multiple limitations of joint motion 
and diffuse radiological signs of articular damage. 
During this time he was seldom referred to our 
department and the dosage and regimen of low 
dose prednisone were managed by his parents at 
home independently, according to his daily 
symptoms. In September 1988, 10 years after 
onset, he had a cushingoid appearance, with 
multiple limitations of joint motion and severe 
difficulty in walking, and persistence of fever, 
rash, and polyarticular synovitis. Skeletal radio- 
grams revealed a dorsolumbar vertebral collapse, 
worsening of articular erosions, particularly at 
the hips, and diffuse osteoporosis. Steroids were 
suspended and low dose oral methotrexate 
(10 mg/m*/week) was started in association with 
salicylates. 

In May 1990 the child was involved in a road 
accident and suffered a multiple fracture of the 
right tibia. He was treated elsewhere with 
exceedingly prolonged (five months) plaster 
immobilisation of the right leg. After plaster 
removal a generalised swelling of the right leg 
with cutaneous erythema and local pain was 
noted. The child came back to our department 
three months later. Physical examination showed 
swelling of both legs, with the circumference of 
the right 3 cm greater than the contralateral, 
slight cutaneous redness and, on the right side, 
a subcutaneous venous reticulum and oedema of 
the dorsum of the foot. Examination revealed 
multiple limitations of joint motion and active 
synovitis at wrists, knees, and ankles. 

Pertinent laboratory investigations were as 
follows: white cell count 13x 10/1 with normal 
differential, haemoglobin concentration 109 g/l, 
platelet count 833x10°/l, erythrocyte sedi- 
mentation rate 60 mm in the first hour, pro- 
thrombin time 50% (normal range 70—110%), 
partial thromboplastin time 75:4 seconds 
(normal <26 seconds). Blood urea, creatinine, 
glucose, electrolytes, and serum complement 





Doppler ultrasonography of the left leg showing a thrombotic 
occlusion of the popliteal vein. 
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concentrations, and urinalysis were normal. 
Rheumatoid factor and antinuclear, antiextract- 
able nuclear antigen, and antimitochondrial 
antibodies were absent. The LAC test was 
positive and low titre (12 arbitrary units) of aCL 
of the IgG isotype were found by enzyme linked 
immunoabsorbent assay. Both LAC and aCL 
tests were performed as previously described.* 
A Doppler ultrasound examination of the lower 
limbs showed an extensive, bilateral thrombosis 
of both femoral and popliteal veins (figure). 
The child was discharged with weekly subcuta- 
neous heparin calcium (Calciparine, Sanofi) and 
was then lost to follow up. 


Discussion 

We have reported a child with systemic onset 
JCA who developed an extensive deep vein 
thrombosis after a five month period of plaster 
immobilisation following a tibial fracture. 
When thrombosis was diagnosed, three months 
after plaster removal, both LAC and low titre 
IgG aCL were detected. 

Only a few data exist on antiphospholipid 
antibodies in childhood. Our recent studies 
have shown a high frequency of aCL in children 
with JCA? but no aCL associated thrombotic 
events have been observed in these cases. 
Therefore, in JCA, the real predictive value of 
aCL antibodies for developing thromboembolic 
events is weak, and in no way is antithrombotic 
prophylaxis indicated on the unique basis of a 
positive aCL assay. 

It should be noted, however, that the clinical 
experience on aCL in adults has shown that 
associated thrombophilic factors such as smoking 
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and use of oral contraceptives may enhance the 
risk of thrombosis.” Prolonged immobilisation 
is well known to be associated with an increased 
risk of thromboembolism, and its association 
with antiphospholipid antibodies might have 
lead to deep vein thrombosis in our child. 

This observation suggests that when children 
with JCA need immobilisation, such as after 
fractures of demineralised bones, the presence 
of antiphospholipid antibodies should be 
investigated as they may act as additional msk 
factors for thrombosis. 

It should be noted that in our patient both 
LAC and aCL were detected and that it has 
been suggested that LAC represents a more 
specific, although less sensitive, marker of the 
thrombotic risk than aCL.° 

In conclusion, our report suggests that short 
term prophylactic anticoagulant and/or anti- 
agpregant treatment should be considered in 
those antiphospholipid antibody positive chil- 
dren with JCA who require immobilisation, 
particularly if circulating LAC is present. 


1 Love PE, Santoro SA. Anuphospholipid anubodies, anu- 
cardiolipin and the lupus ant: t in systemic lupus 
are (SLE) and in non-SLE disorders. Prevalence 

and clinical ce Amn Intern Med 1990,112:682-98 

2 Caporal R, Ravelli A, De Gennaro F, Neirott G, Montecucco 

Marun A Prevalence of anticardiolipin antibodies in 
juvenile chronic arthnus Ann Rheum Dts 1991 ,50:599-601 

3 Montes de ee re Babron MC, Bletry O, et af Thrombosis 
in systemic | us erythematosus a French collaborative 
study. Arch Du Child 1991366:7 13-7. 

4 Ravelli A, Caporal R, Bianchi E, et al, Antscardiolipin 
syndrome in childhood a report ‘of two cases Clin Exp 
Rheumatol 1990,8:95-8. 

5 Asberson RA, Harris EN, Hughes GRV. Complication of 
oral con ves and antiphospholipid antibodies Arthn- 
tis Rheum 1988 ,31:575-6 

6 Mackworth outs C Antiphospholipid anubodies. more 
than just a disease marker? Immunol Today 1990,11:605 


Severe anaemia and ileocolic anastomotic ulceration 


A H Hamilton, J M Beck, G M Wilson, H J Heggarty, J W L Puntis 


Abstract 

Two children are described with anaemia 
from ileocolic anastomosic ulceration as a late 
complication of surgery in the newborn period. 
The anastomosis was revised in each case but 
in one child there was early recurrence of 
ulceration. 


(Arch Dis Chid 1992;67:1385—6) 


Ulceration at the site of an ileocolic anastomosis 
as a late complication of neonatal surgery has 
been described, but is probably under- 
recognised. Rational management is hampered 
by lack of understanding of the underlying 
aetiology of the condition. We report our 
experience in two children with this unusual 
problem. 


Case reports 

CASE 1 

A boy of 25 weeks’ gestation required ventilation 
for respiratory distress, but after extubation he 
was established on full enteral feeds. At 9 weeks 


of age he developed abdominal distension and 
bloody diarrhoea and an abdominal x ray film 
confirmed necrotising enterocolitis. Despite 
medical management his condition deteriorated, 
necessitating laparotomy. A diseased segment of 
ileum was resected and a cutaneous enterostomy 
fashioned, after which he made a good recovery. 
Two months later radiological investigation 
confirmed two colonic strictures that were 
resected and an ileocolic anastomosis performed. 
He was discharged home at 6 months of age, on 
full enteral feeding, and followed up at his local 
hospital. 

He was referred to the surgical unit at the age 
of 7 years for investigation of anaemia. He had 
no symptoms, was on the third centile for both 
height and weight, and was passing two normal 
stools each day. Despite recent transfusion, 
investigation revealed a microcytic hypochromic 
anaemia, with a haemoglobin concentration of 
65 g/l. Testing for faecal occult blood gave 
a strongly positive result. An upper gastro- 
intestinal endoscopy and barium meal both gave 
normal results, but at colonoscopy the mucosa 
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at the site of the ileocolic anastomosis was seen 
to be reddened and friable. A ’"Tc-labelled red 
cell scintiscan suggested bleeding was occurring 
from this region. At laparotomy, perianastomctic 
ulceration involving both small bowel and 
colonic mucos¢ was confirmed. There was no 
evidence of stricture. The ulcerated segment of 
bowel was resected and the anastomosis revised. 
Histological examination revealed non-specific 
ulceration. 

Three montks later his haemoglobin concen- 
tration fell to 60 g/l; colonoscopy showed fresh 
bleeding from recurrent ulceration at the site of 
the revised anastomosis. Treatment for six 
weeks in turn with oral sulphasalazine 40 mg/ 
kg/day, sucralfate 40 mg/kg/day, mesalazine 40 
meg/kegrday, and ranitidine 30 mg/kg/day failed 
to stop bleeding. The anastomosis was shown 
radiolcgicelly to be inaccessible to steroid 
enema 

Serum gastr:n concentration was not raised 
(26 pmol/L, reference range <40); a hydrogen 
breath test was negative and empirical treatment 
for bacterial cvergrowth with two weeks of 
metronidazole and trimethoprim had no 
influence on further blood loss. Over a six 
month peciod he required transfusion every 
three weeks. After discussion with parents it 
was decided that an ileostomy might stop blood 
loss and imprcve quality of life, and this was 
subsequently >erformed. Over the next 12 
months hs ha2moglobin was maintained at a 
normal cancemtration, although large volume 
ileostomy losses were an unforeseen complica- 
tion. 


CASE 2 

A boy wes born at term with gastroschisis. 
Primary closure was not possible and part of the 
bowel became necrotic. Altogether 50% of the 
small bowel was resected and an ileocolic 
anastomos.s fashioned. The gastroschisis was 
eventually closed on day 10, with a porcine 
dermis patch. He was discharged home at the 
age of 9 weeks on a modular feed based on 
commmuted chicken. By the end of the first 
year o- life he was tolerating soya milk and a 
variety of solids, although his weight gain was 
poor and s-ocls continued to be loose. 

At the aze of 5 years he presented with bouts 
of abdominal pain and melaena. Investigation 
revealed a haernoglobin concentration of 50 g/l 
with an icon -deficient picture. The anaemia 
recurred d2spit2 transfusion and he was referred 
back to th2 surgical unit for investigation. The 
followmg studes gave normal results: upper 
gastrointestinal endoscopy, colonoscopy, 
contrast emema, radioisotope scan for Meckel’s 
diverticulum, and ”™Tc-labelled red cell 
scintiscan. Serum gastrin concentration was 
norma! (3% pmol/l). Treatment with cimetidine 
20 mg‘kg/dav ror two months did not prevent 
anaemza. He ur.derwent laparotomy and chranic 
ulceration was discovered at the site of the 
ileocolc anastomosis. There was no evidence of 
stricture and the anastomosis was revised; 
histology showed non-specific ulceration. 
Eighteen months later he remains well with no 
recurrence of gastrointestinal blood loss. 


' described. 
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Discussion l 
Ileocolic anastomosis may be necessary in 
necrotising enterocolitis, intussusception, or 
congenital abnormalities of the bowel. Extensive 
resection of ileum sometimes results in diarrhoea 
and malnutrition particularly if the ileocaecal 
valve is lost, or if in combination with partial 
colectomy.! Perianastomotic ulceration appears 
to be a rare complication of ileocolic anastomosis 
in the newborn period presenting with severe 
anaemia up to 12 years after surgery.” * Colono- 
scopy is the most helpful investigation. The 
aetiology of the ulceration remains obscure and 
rational treatment problematic. Histological 
appearances give no clue to underlying 
mechanisms. Ulceration has not been related 
consistently to either anastomotic stricture or 
type of suture material. Blind loop syndrome 
with small bowel bacterial overgrowth and 
deconjugation of bile salts has been linked with 
mucosal ulceration.* Classical symptoms include 
chronic obstruction, malnutrition, and mal- 
absorption leading to growth failure.” Both our 
patients were growing normally and neither was 
found to have blind loops at operation. On the 
basis that local factors such as bowel flora or pH 
might be playing a part, we gave treatment with 
broad spectrum antibiotics and H, blockers, but 
with no cessation of bleeding. Although it has 
been reported that sulphasalazine can prevent 
bleeding,! no such effect was seen in our patient 
given anti-inflammatory agents. Due to the 
severity of bleeding and requirement for repeated 
transfusions we chose revision of the ileocolic 
anastomosis. Unfortunately, recurrent ulcera- 
tion rapidly followed, a complication previously 
An ileostomy successfully stopped 
bleeding but large volumes of effluent have 
created a new problem suggesting that the 
remaining small bowel is predominantly 
jejunum.” Anastomotic revision appears to have 
been more successful in our second case. 
If absence of the ileocaecal valve 1s a critical 
factor in aetiology perhaps the development of 


' surgical techniques aimed at reconstruction of 


valve mechanism might offer a hope of cure. 
Unfortunately, the presence of a valve does not 
altogether preclude the possibility of anastomotic 
ulceration.’ A rational approach to management 
must depend on a future understanding of the 
aetiological mechanisms concerned, but long 
term follow up of children who have undergone 
ileoọcolic anastomosis in the newborn period is 
clearly essential. 


1 Cosnes J, Gendre JP, le Quintree Y Role of the Ueocaecal 
valve and site of intestinal resecuon in malabsorption after 
extensive small bowel resection. Digestion 1978;18:329-36. 

2 Parashar K, Kyawhla S, Booth IW, Buick RG, Corkery JJ 
Heocolic ulceration. a term complication following 
ueocolic anastomosis 7 Pediatr Surg 1988 ,23:226~8. 

3 Couper RTL, Dury PR, Stafford SE, Filla RM, Marcon MA, 
Forstner GG Late gastro-intestinal bleeding and pona 
loss after distal bowel resection in infancy ¥ Pediatr 
Gastroenterol Nutr 1989;9:454-60. 

4 Challacombe DN, Richardson JM, Edkins $, Hay IF. Leal 
blind loop in childhood. Am F Dis Child 1974;128:7 19-23. 

5 Bayes BJ, ton JR Blind loop syndrome in children. 
Arch Dis Child 1969,44:76-81. 

6 David GR, Santa Ana CA, Morawsk: SG, Fordtran JS. 
Permeability characteristics of human jejunum, ileum, 
proximal colon and distal colon: results of potential 
difference measurements and unidirectional fluxes Gastro- 
enterology 1982;83:844-50 
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Intercurrent illness in inborn errors of intermediary 


metabolism 


Marjorie A Dixon, J V Leonard 


Abstract 

Metabolic decompensation may occur in 
patients with disorders of intermediary meta- 
bolism during intercurrent illness. To prevent 
complications it is normal practice to change 
the diet to an ‘emergency regimen’. The 
mainstay of this is a high carbohydrate intake, 
using soluble glucose polymer, given as 
frequent drinks by day and during the night. 
Additional therapy is given for some disorders. 
Practical details of the treatment are outlined. 


(Arch Dis Child 1992;67:1387-91) 


Diet is the mainstay of treatment for many 
inborn errors of intermediary metabolism.! 
Patients are stabilised on a diet appropriate for 
their disorder that will provide them with 
sufficient nutrients and energy to grow and 
develop normally. However metabolic stress 
such as intercurrent infections may precipitate 
decompensation and cause complications. To 
prevent these it is common for the diet to be 
changed to an ‘emergency regimen’. The 
purpose of this paper is to outline the principles 
and practice of these regimens. 


Principles 
During illness and fasting various metabolic 
adaptations occur.” 


(A PROTEIN CATABOLISM 

There is constant turnover of tissue protein and 
overall, the rate of protein synthesis exceeds 
that of breakdown so there is net gain and hence 
growth.? However, during illness the rate of 
protein breakdown normally exceeds that of 
synthesis with net production of amino acids 
and an increase in their irreversible catabolism. 
The nitrogen moiety of amino acids is converted 
to ammonia and then to urea. The carbon 
skeleton of amino acids is progressively cata- 
bolised to form fuels for energy production 
including acetyl CoA, pyruvate, and inter- 
mediates of the Krebs cycle. 


(B) SUBSTRATES FOR ENERGY PRODUCTION 

Glucose is a major fuel for energy metabolism 
but glycogen reserves for glucose production 
during fasting are relatively limited in children. 
To maintain a supply of substrate for energy 
production and protect glucose supply to the 


brain it is necessary to mobilise alternative 
fuels, including free fatty acids, ketones, and 
gluconeogenic precursors. 

On fasting, as glucose concentrations slowly 
fall, there is a decrease in the insulin:glucagon 
ratio with mobilisation of fatty acids from 
adipose tissue stores. Free fatty acids can be 
utilised by many tissues, such as the heart and 
skeletal muscle, but they cannot enter the brain. 
In the liver, free fatty acids are partially 
oxidised to ketones which are water soluble and 
can enter the central nervous system. Alanine 
and other amino acids from muscle catabolism 
and glycerol from lipolysis are substrates for 
gluconeogenesis. 

The purpose of the emergency regimen is to 
prevent the changes that occur with fasting. 
The aim is to reduce protein catabolism and 
hence the accumulation of potentially toxic 
metabolites. By giving an adequate supply of. 
glucose the mobilisation of alternative fuels is 
also reduced. 


Practical aspects of emergency regimens 
The core of the emergency regimen is essentially 
similar for all disorders. A solution of glucose 
polymer is given as the major source of energy 
because it is simple, palatable, and usually well 
tolerated. Fat emulsions can provide additional 
energy, but these are less well tolerated; fat 
delays gastric emptying and is more likely to 
cause vomiting so we do not use them routinely. 
It is also contraindicated in some disorders, 
such as inborn errors of fatty acid oxidation. In 
most instances we would start by giving feeds 
orally. There are important advantages to oral 
feeding. It can be started at home; more glucose 
can be given than by peripheral intravenous 
infusions and medicines can be given. This can 
be important as intravenous preparations of the 
medicine are often not readily available. If oral 
feeding is not possible, nasogastric feeding, 
either bolus or continuous, should be tried 
before intravenous therapy for the same reasons. 
The concentrations and volumes of solution 
given will depend on the age of the child. 
Relatively higher volumes and lower concentra- 
tions are used in infants compared with older 
children (table). Insufficient fluid combined 
with high concentrations of glucose polymer 
that can cause diarrhoea may exacerbate the 
effects of illness. If the child is likely to become 
dehydrated it is advisable to give an oral re- 
hydration solution supplemented with glucose 
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Emergency regimen 


Age Glucow polymer Daily volume Frequency 
(years)  comcercratan 

S%  keal/l00 mi* 
0-1 0 4 150-200 ml/kg 
1-2 Is 50 Initially every 
2-6 2 8630 1200-1500 ml two hours 
6-10 ZO 30 1500-2000 ml night and day 
>10 2S Dd 2000 mi 
"| keal=4 18 kJ 


polymer to the required concentration. (Practice 
note: oral -ehydration solutions do not contain 
sufficient glucose on their own.) The solution 1s 
given orally as small frequent drinks or enterally 
via a nasogastric tube, normally at intervals of 
two hours night and day. This is usually well 
tolerated. It is particularly important not to 
allow the child to go for long periods (>4 hours) 
between drinks during the night. 

Parents are taught to make solutions using an 
appropriate sized scoop which is quick and 
easy. These solutions can also be frozen and 
thawed when needed at home or in hospital. All 
proprietary liquid glucose polymer solutions 
have a comcentration of 50% carbohydrate or 
more, for example, Fortical (Cow and Gate) and 
Liquid Maxijul (Scientific Hospital Supplies), 
and are not suitable for an emergency regimen 
unless diluted to an appropriate concentration. 
In our experience these are less palatable and 
more likely to induce vomiting or diarrhoea if 
given undi uted. 

In səme children the first symptom of any 
illness is refusal to eat or drink. If so, we often 
teach the parents how to use a nasogastric tube 
at home, thereby reducing the need for a 
hospital admission. 

If the child has occasional vomits, it may still 
be possible to feed orally by giving the drinks as 
frequeat sips (for example 10 ml every 10 
minutes) er as a continuous nasogastric feed 
either at Fome or in hospital. However, if the 
child is vomiting frequently or is obviously 
unwell then intravenous therapy is essential. 
Concentrazed glucose solutions should be used: 
10% dextrose by peripheral drip or more 
concertrated through a central line. Hyper- 
glycaemia may develop so blood glucose con- 
centrations should be monitored regularly. 


Instructions for parents 

Many parents have difficulty in knowing both 
when to start the emergency regimen and 
exactly what to do. To overcome this it 1s our 
practice ta teach a three stage approach. 

(1) If the parents are uncertain whether their 
child is unwell (or just tired) because they 
appear lethargic, irritable, or off colour then 
an emergency regimen drink should be given. 
Next, a conscious decision is made to reassess 
the child within one to four hours, depending 
on the age and disorder. In some children it is 
possible tc monitor the disorder by using simple 
tests gt home. These are discussed later under 
the individual disorders. 

(2A) H on review the child has improved, the 
normel dizt is resumed. (B) If on reassessment 
there is mo improvement the full emergency 
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regimen of drinks every two hours should be 
started. There is some flexibility in the frequency 
of the drinks particularly in the older children 
and during recovery. During illness most 
children will automatically stop eating the 
normal diet, and once the child starts to 
improve the usual diet is gradually reintroduced. 
(3) If the child is refusing to take the drinks, is 
vomiting frequently, or becoming encephalo- 
pathic then they should be admitted to hospital 
for assessment. The parents need to be aware of 
and recognise clinical signs of deterioration. Of 
particular importance is the ability to recognise 
encephalopathy with the child becoming less 
responsive, often with a glazed look. 

Parents may face difficulties if the child does 
not take all the recommended volumes of feed. 
The quantities necessary vary both with the 
underlying inborn error and the intercurrent 
Ulness. It is particularly important that patients 
with maple syrup urine disease and methyl- 
malonic acidaemia should have close to the 
recommended volumes (see below). By contrast 
those with glycogen storage disease may be 
controlled satisfactorily with smaller volumes. 
Patients with gastroenteritis will in general need 
more fluid than those with upper respiratory 
tract infections. 

It should be emphasised that the basic emer- 
gency regimen must not be continued for long 
periods of time because it does not provide 
adequate nutrition and will cause nutritional 
deficiencies. Early clinical signs of such defi- 
ciencies include skin rashes (particularly at the 
site of adhesive tape for nasogastric tubes). 
Most patients can be gradually returned to their 
usual diet within a few days. 

When the diet is being reintroduced addi- 
tional high carbohydrate drinks are given until 
the normal diet is re-established. In infants, 
additional glucose polymer is added to the 
formula feed. For patients on low protein diets 
the protein intake is usually increased daily, 
giving one quarter, one half, three quarters of the 
usual intake, resuming the normal protein 
allowance by day four. 

Whenever the child has been ill it 1s usual for 
us to discuss the emergency regimen carefully, 
checking that the parents knew what to do and 
that the emergency regimen meets the needs of 
their child. It is important to recognise that the 
course of these disorders is often unpredictable. 
The children may have a serious infection 
without any problems, but then develop severe 
decompensation after apparently minimal stress; 
therefore the need for careful management of all 
intercurrent illness. 


Specific treatment 

This basic emergency regimen is suitable for 
disorders of carbohydrate metabolism including 
glycogen storage diseases, fructose-1, 6-diphos- 
phatase deficiency, and ‘ketotic hypoglycaemia’. 
However, in other metabolic disorders the 
emergency regimen is combined with specific 
treatment. 


MAPLE SYRUP URINE DISEASE (MSUD) 
In MSUD the branched chain ketoacid de- 
hydrogenase is defective. This enzyme is the 
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second step on the catabolic pathway of the 
three branch chain amino acids (BCAA): leucine, 
isoleucine, and valine. This pathway is the 
major route for dis of the BCAA. As it is 
blocked in MSUD* the BCAA and respective 
Ketoacids accumulate and are responsible for 
the encephalopathy. Losses of BCAA and 
Ketoacids in the urne and through other 
pathways are low* so the only way to reduce 
plasma concentrations is for the BCAA to be 
incorporated into protein. The objective of 
treatment during illness is to increase the rate of 
protein synthesis by giving a high energy intake 
as glucose with or without fat. Although the rate 
of protein synthesis may increase initially the 
concentration of the essential amino acids other 
than the BCAA will soon become rate limiting. 
To prevent this supplements of the BCAA free 
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amino acids should be given.” Our aim is to 
provide the full energy requirement and the 
child’s usual quantity of BCAA free supplement. 
This is not always possible orally, particularly if 
the child is vomiting. A useful alternative is 
continuous nasogastric feeding of Maxamaid 
MSUD (Scientific Hospital Supplies, see 
appendix) supplemented with extra glucose 
polymer. We have successfully used this to treat 
patients with MSUD who have been unable to 
tolerate bolus feeds. Parenteral nutrition, using 
a BCAA free amino acid solution, is an alterna- 
tive if enteral feeding fails but this is available 
in few centres. Regular daily quantitative 
measurements of the BCAA are essential to 
monitor progress and to determine when pro- 
tein can be reintroduced. 

Once the plasma leucine concentration falls 
below 800 pmol/l some leucine usually as 
natural protein can be reintroduced, and is 
increased to the usual intake according to the 
plasma concentrations. Our aim is to keep 
plasma leucine between 200-700 pmol/!. During 
the recovery phase concentrations of the iso- 
leucine and valine may fall to low concentrations 
and become rate limiting for protein synthesis. 
Supplementation of these amino acids then 
becomes necessary, in doses of 50-300 mg/day. 
To do this a solution of the amino acids is made 
(providing 100 mg of amino acid in 10 ml) and 
the required amount added to the feed. We do 
not routinely give valine and isoleucine supple- 
ments” as not all patients need them and this 
practice could cause imbalance in amino acid 
concentrations. Hypokalaemia may develop 
during the recovery phase. 


PHENYLKETONURIA (PKU) 

Many centres do not give patients with PKU an 
emergency regimen or monitor plasma pheny- 
lalanine concentrations during illness. However 
with increasing emphasis on improving meta- 
bolic control, an emergency regimen is likely to 
be necessary. It should be similar to that used in 
MSUD. 


UREA CYCLE DISORDERS 

The urea cycle converts waste nitrogen into 
urea, via a series of enzymes (figure). Inborn 
errors have been identified for each step and 
may cause accumulation of ammonia and gluta- 
mine which are neurotoxic and may cause a 
severe encephalopathy. 

Patients are treated with a low protein diet 
and medicines which promote nitrogen excretion 
via alternative pathways. Sodium benzoate is 
most widely used. It is conjugated with glycine 
to form hippurate, 1 mole of nitrogen being 
excreted for each mole of sodium benzoate 
given. Phenylbutyric acid can also be given 
either as the free acid or the sodium salt but is 
less palatable. Phenylbutyrate is metabolised in 
vivo to phenylacetate, and is more effective than 
benzoate because it is conjugated with glutamine 
to form phenylacetylglutamine, 2 moles of 
nitrogen being excreted for each mole of 
pheny]butyrate given. 

During illness protein breakdown may cause 
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rapid accumulation of ammonia and glutamine. 
In addition to ithe basic emergency regimen the 
usual medication should continue to be given. 
Both sodium benzoate and phenylbutyrate are 
given in a dose of 250 mg/kg/day but can be 
temporarily increased to 500 mg/kg/day dunng 
illness. 

Another consequence of these disorders 1s 
that arginine becomes an essential amino acid 
(except in arginase deficiency). During illness 
the normal arginine supplements, 100 mg/kg/ 
day, should be given. In citrullinaemia and 
argininosuccinic aciduria, arginine should be 
given in larger doses of up to 700 mg/kg/day to 
replenish crnithine that is not reformed as a 
result of the metabolic block. All the medication 
should be given in frequent small doses. If the 
child cannot tolerate oral fluids or medicines 
sodium beazoate, sodium phenylacetate, and 
arginin2 should be given intravenously. 

Patients should be monitored with regular 
measurement of plasma ammonia and quantita- 
tive plasma amino acids. Protein can be reintro- 
duced once the ammonia is less than 80 pmol]. 

Occasiorally it can be difficult to reintroduce 
protein withcut inducing hyperammonaernia 
and in th2se cases an essential amino acid 
supplemen: (for example Dialamine, Scientific 
Hospital Supplies, see appendix), can be given. 
This will promote both protein synthesis and 
the reutilsation of nitrogen to form non- 
essential amino acids thereby reducing ammonia 
accumulation. 


TYROSINAE MIA TYPE I (FUMARYLACETOACETASE 
DEFICIENCY) 

Tyrosinaenia type I is caused by a deficiency of 
fumarylacetoacetase, the last enzyme of the 
catabolic pathway of tyrosine, with resultant 
accumulatson of succinylacetone and related 
metabolites. Patients are usually treated with a 
diet restricted in tyrosine and phenylalanine. 
Although # is not common to use an emergency 
regimen im tais disorder, decompensation of 
liver function and deterioration of neurolog-cal 
functicn can follow intercurrent infection. It is 
probably beneficial that an emergency regimen 
is given to reduce these problems. The patients 
may also need appropriate treatment for liver 
failure. 


ORGANIC ADIDAEMIAS 

(a) Prepioric and methylmalonic acidaemia 
Propicnic and methylmalonic acidaemia are 
caused by mbherited enzyme defects in the 
pathways >f propionate catabolism. Propionate 
is formed from several sources including the 
amino acids isoleucine, valine, methionine, and 
threonine. by anaerobic bacterial fermenta- 
tion in the gut and catabolism of odd chain fatty 
acids. Altkough amino acids are widely regarded 
as the major source of propionate, only atout 
50% af propionate is derived from breakdown 
of amino ecids.° About 20% is derived from the 
gut® and the rest (30%) probably from the 
catabclism of odd chain fatty acids.’ The toxic 
metabolites and the mechanisms responsible for 
all the clirical problems are not well understood 
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but the aim of treatment is to reduce the 
accumulation of propionate by diminishing 
production and increasing disposal. 

In addition to the standard emergency regimen 
to reduce protein breakdown and amino acid 
catabolism, propionate production from the gut 
is reduced by giving metronidazole (or an 
alternative antibiotic). The removal of propiony] 
groups is enhanced by giving L-carnitine. This 
forms propionyl carnitine which is excreted in 
the urine. Carnitine is given either orally or 
intravenously in a dose of 100 mg/kg/day. 
Higher doses have been used although their 
value and complications have not been assessed 
critically. In methylmalonic acidaemia there is 
usually massive excretion of methylmalonate 
in the urine with obligatory simultaneous losses 
of sodium and potassium. These patients also 
have a concentrating and acidification defect in 
the kidney® so it is essential to give sufficient 
fluid with supplements of sodium bicarbonate 
(2-3 mmol/kg) to replace sodium loss and 
reduce the acidosis. Patients may also need 
potassium supplements particularly during the 
recovery phase. 

It may be helpful to monitor the patient’s 
condition by measuring urine ketones but in our 
experience the parents’ clinical judgment is as 
useful for most children. 

It is important to reintroduce protein early 
(within two to three days) to prevent protein 
deficiency and additional problems such as 
rashes and vomiting. 


(b) Isovaleric acidaemia 

Isovaleric acidaemia is due to a deficiency of 
isovaleryl-CoA dehydrogenase, the third step in 
the pathway of leucine degradation. Isovaleric 
acid accumulates and its excretion in the urine 
can be increased by giving L-carnitine (100 mg/ 
kg/day) and glycine (250 mg/kg/day). These are 
conjugated to form isovalerylcarnitine and iso- 
valerylglycine respectively, both being rapidly 
excreted in the urine. This treatment can be 
given orally or intravenously. 


(c) Other organic acidaemas (for example, 
3-methylcrotonylglycinuria, glutaric aciduna type 
I) 

In addition to the standard emergency regimen, 
L-carnitine is widely used to increase the 
removal of acyl groups, although controlled 
studies of its efficacy are lacking. 


DISORDERS OF FATTY ACID OXIDATION 

Inborn errors at several steps in the pathway of 
fatty acid oxidation are now well described, the 
most common is medium chain acyl CoA 
dehydrogenase deficiency. To prevent illness in 
these patients the standard emergency regimen 
is used. Ít is important to stress early use of the 
emergency regimen to inhibit mobilisation of 
fatty acids, particularly in long chain disorders 
because decompensation may be rapid. Addi- 
tonal treatment with L-carnitine is widely used 
but is somewhat controversial; there is little 
detailed critical work. Carnitine is essential in 
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primary systemic carnitine deficiency and may 
be helpful in reversing decompensation in 
disorders of medium chain fatty acids. In theory 
carnitine in long chain fatty acid oxidation 
disorders might be harmful, by promoting the 
uptake of long chain fatty acids into mito- 
chondria. Its use requires more evaluation. 

Blood glucose is often used to monitor patients 
with these disorders, but this may give a false 
sense of security as patients may develop 
marked encephalopathy before blood glucose 
concentrations fall: treatment must be started 
before this. 


Conclusions 

The use of a well planned emergency regimen 
will not only help prevent episodes of metabolic 
decompensation, but will reduce hospital 
admissions and improve the parents’ self confi- 
dence. The policy of encouraging the family to 
bring the unwell child to hospital every time is 
intended to be supportive and may initially be 
necessary, but it may add to the burden of care. 
The correct balance needs to be found between 
overzealous intervention and the risk of compli- 
cations. Furthermore, the needs of each child 
and their family must be judged carefully and 
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the instructions adjusted to their own individual. 
requirements. 


We would like to thank Dr Peter Clayton and Dr Margaret 
Lawson for their constructive cnticism of the manuscript. 
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Appendix Manufactured products used in maple syrup urine disease (MSUD) and urea cycle disorders (UCD) 


Product Amino acids Energy Carbohydrate Fat Vitamins and minerals Comments 
(g/100 g) (Realll00 g*) = (g/100 g) (g/100 g) 

(A) Maple syrup urme disease: a iii area ea a lad woleucine, and valine 

Analog MSUD (1) 15-5 462 54 Full range Infant formula 

Maxamaid MSUD (1) 30 300 51 si 5 Full range Suitable from 2 years of age, 
good solubility 

Maxamum MSUD (1) 47 290 34 <05 Full range Suitable from 8 years of age, 
good solubility 

MSUD Ard (1) 96 320 Nai Nil Limited range Low solubility (not suitable 
for continuous feeds) 

MSUD i (2) 49 280 29 (sucrose) Nal Full range For infants hugh sucrose content, 
requires fat to be added 

MSUD 2 (2) 65 310 22 (sucrose) Nil Full range For children 

MSUD diet powder (3) 12 483 63 20 Full range Infant formula 


(B) Urea cycle disorders. these products contam a mixture of essential and non-essential ammo acids 
Dialamine 30 360 Lumited range, low content 


(l 
UCD 1 (2) 
UCD 2 (2) 81 


Manufacturer: (1) Scenufic Hospital Supplies (SHS), Liverpool, (2) Milupa, Hillin 
Only the SHS products have been approved by the Advisory Committee Bo 


"1 keal=4-18 kj. 


62 (S4 g sucrose) Nai 


Orange flavoured, high sucrose content 


260 80 (sucrose) Nil Full range For infants requires carbohydrate and 
fat to be added 
290 6 0 (sucrose) Nil Full range For children 


on, Middlesex, (3) Mead Johnson Nutriuonals, Hounslow, Middlesex In the UK. 
erline Substances and can be prescribed on an FP1O. 
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Treatment of delinquents 


Carol Sheldrick 


Definition 

As West points out delinquency is a sociolegal 
category. Ihe definition of a juvenile delin- 
quent, in the UK at least, is a young person 
between tke age of 10 (the age of ‘criminal 
responsibil-t,") and 17 years who has been pro- 
secuted anc sound guilty of an offence that would 
be classified as a ‘crime’ if committed by an adult. 
These offences normally result in the opening of 
a criminal reccrd file at Scotland Yard but do 
not include more minor drunk and disorderly, 
common assault, and motoring offences. 


The size or the problem 

Research findings are consistent in showing that 
the ma ority of young people (particularly boys) 
have committed delinquent acts at some time. 
Not al! bos appear in court, but self report 
studies do pick out many of the boys with 
official records and the higher the score on a 
schedule af self reported offences, the greater 
the likelihood of the young person having an 
official corviction record.*~ Farrington,’ using 
data from the Cambridge study, a longitudinal 
study of 43) boys living in inner London and 
selected rerdomly from six adjacent primary 
schoolst 3 stowed that up to the age of 32, 
over one thicd were convicted of criminal 
offences. The peak age for the number of 
offenders and the number of offences was 17, 
but appro<mately equal numbers of offences 
were committed by males as juveniles (age 
10-16%, as young adults (age 17-20), and as 
adults 121-32) The men who were first convicted 
at the earliest ages tended to become the most 
persistent otfenders and committed large 
numbers cf ofzences at high rates over long time 
periods. Despite this, earlier work by West, 
showed tha! only about one quarter of adolescent 
offenders continued to offend into their 
twenties.’ 

Much lss research has been carried out on 
females but figures quoted by Farrington 
suggested -hzt the ratio of males to females 
acquiring a criminal record was approximately 
3-54-5317 


Implicatierzs for management 

It is clear from this research that a certain 
amount of kaw breaking is the norm, particularly 
for males, and does not necessarily imply any 
signifcan: degree of personal maladjustment. 
Many yottas only appear in court once and only 
a small p-cpcrtion show a persistent pattern of 
delinquer.cy. While it may seem appropriate to 


intervene as early as possible in the lives of 
delinquents research suggests otherwise. 


The dangers of intervention 

THE JUDICIAL PROCESS 

There are differing theories about the judicial 
response to delinquency. The work of Farrington 
et al has shown that the first appearance in court 
tends to be followed by an increase in delinquent 
activities, as well as increases in hostile attitudes 
towards the police, aggressive attitudes and 
behaviour.'° This study suggests that a first 
court appearance (and public labelling) has a 
deleterious effect, and probably more so if the 
consequences are trivial. A study by McCord 
suggests otherwise, however.!? 

In Britain we lock up a higher proportion of 
our population than most other Western 
European countries. At one time it was hoped 
that institutional treatments would be therapeu- 
tic and reformative in their effects. Unfortu- 
nately this has not proved to be so and some 
studies from America show that non-custodial 
approaches do better than institutional ones.'* Y 
McCord, in the study referred to above, showed 
that incarcerated boys do not do better with 
respect to recidivism than those receiving more 
lenient sentences.'! In England there is no 
evidence that the borstal (now renamed the 
young offender) system is effective in influencing 
long term recidivism. Sixty four per cent of 
trainees released in 1972 were reconvicted 
within two years; the figure for boys under the 
age of 17 years was even higher, at 79%.** 

It seems unlikely that institutional treatment, 
retraining, and punishment are effective in 
decreasing delinquency. It is even possible that 
there is a harmful effect because of the alienation, 
stigmatisation, and ‘contamination’ suffered by 
those who are incarcerated together with other 
offenders. 


COMMUNITY BASED PROGRAMMES 

Similar results would not have been anticipated 
from community based, non-punitive pro- 
grammes. Unfortunately this is not so and one 
study by O‘Donnell et al showed that non- 
delinquents had a worse outcome than controls, 
possibly because of delinquent peer group 
contamination.'° An important study by McCord 
looked at the long term effects of a treatment 
programme for boys and their families based on 
a 30 year follow up of over 500 men, one half of 
whom had been randomly assigned to a treat- 
ment programme at the age of 5—13 years, for an 
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average of five years.'° Treatment consisted of 
counselling for the boy and his family, introduc- 
tion to community programmes and summer 
camps, provision of medical and psychiatric 
assistance as well as tutoring in academic 
subjects. The treated group actually fared worse 
than the control group on such measures as 
criminal behaviour, death at a young age, stress 
related disease, alcoholism, serious mental 
illness, occupational status, and job satisfaction. 

There have been more successful community 
based programmes developed, mostly in North 
America, and reviewed by Stumphauzer,!’ 
however. 


Attempts at diversion 

THE COURTS 

It is clear from this research that diversion of 
young people from certain interventions, 
particularly those of the courts and the prison 
system, is desirable. 

In Britain the Children and Young Persons 
Act 1969 was introduced in order to prevent 
children coming to court for criminal 
proceedings.'® Before 1971 children could be 
given a warning if apprehended while commit- 
ting an offence. This was an informal proce- 
dure, conducted at the discretion of the police 
officer and not recorded officially. The 1969 act 
gave statutory sanction for police cautioning as a 
means of diverting children from the courts. 
The caution is usually administered, with the 
consent of the child, parents and victim, in a 
formal way to emphasise the gravity of the sirua- 
tion. Sometimes the police undertake follow up 
supervision and guidance, or they may refer the 
child to the social service department on a 
voluntary basis. 

In 1979, the year when the legislation was 
fully implemented, it was found that cautioning 
increased,!? which led Farrington and Bennett 
to believe that this had produced a widening of 
the net, so that official cautions had tended to 
replace informal, unrecorded warnings, rather 
than being used in place of court appearances.”° 

The situation since then appears to have 
changed for the better, however. Richardson 
and Tutt,?! using data from the Home Office,” 
point out there has been a 23-2% decrease in the 
number of 10-16 year olds in the population in 
England and Wales over the 10 years 1979-88. 
It has been found that over 55% fewer juveniles 
entered the formal court system during 1988 
than did in 1979, a very dramatic diversion of 
young people away from the courts. 


THE USE OF COURTS FOR CARE PROCEEDINGS AND 
INTERVENTION IN THE COMMUNITY 

In England courts have basically two types of 
case to hear: care proceedings and criminal 
proceedings. Under the age of 10 years a child 
cannot be found guilty of a crime (except 
homicide) and between 10 and 14 years should 
not be prosecuted far a crime. This means that 
all those under the age of 14 years should come 
before the courts for care proceedings only. An 
additional safeguard is that the 1969 act, 
replaced by the Children Act 1989,” sets out 
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criteria for taking out care proceedings. Under 
the terms of the Children Act 1989, a care order 
may no longer be imposed as a sentence in 
criminal proceedings. However the fact that a 
child had committed an offence may indicate 
that he or she 1s suffering, or likely to suffer, 
significant harm, so that the local authority may 
apply for a care order in respect of that child. 


THE USE OF SUPERVISION ORDERS 

These orders were originally introduced in the 
Children and Young Persons Act 196978 as a 
means of dealing with offenders through an 
intermediate treatment programme (see below). 
They can now be linked to a number of 
disposals (Children Act’? and Criminal Justice 
Act”*). Supervision orders may still be made 
criminal proceedings, the statutory responsibility 
lying with the local social services or, in the case 
of older juveniles, with the probation service. 
The primary consideration is to ‘advise, assist 
and befriend’, and not to protect the public, 
though the supervisor can return the young 
person to court if the terms of the order are 
breached. 


SUPERVISION ORDERS WITH A SUPERVISED 
ACTIVITY REQUIREMENT 

The supervised activity requirement can be made 
by magistrates and social services have to accept 
it. Placements are usually drawn from the 
intermediate treatment scheme. 

Intermediate treatment has been adopted 
since the white paper Children in Trouble was 
published by the Home Office.” The aim is to 
fill the gap between simple supervision and 
removal from home. It is designed to allow the 
child to remain in his home, but bring him into 
contact with a different environment, interests, 
and experiences that may be beneficial to him 
and enable him to share them with other 
children who have not been before the courts. 
Although intermediate treatment is usually 
community based, it can be provided in a 
residential facility for up to 90 days. As Cawson 
points out, the end of the 1970s saw two major 
developments in practice: ‘intensive inter- 
mediate treatment’ to provide a real alternative 
to removal from home, and the introduction of 
new methods for working with groups.”° Never- 
theless there is still substantial disagreement 
within social work as to the desirability of 
programmes that are an alternative to custody 
programmes, and many intermediate treatment 
programmes are still focused on non-offenders, 
or even exclude serious delinquents. 


CUSTODIAL SENTENCING 
We have a history, in Britain, of locking 
up large numbers of young people. The numbers 
dealt with in this way escalated dramatically 
during the 1960s and 1970s,” and particularly 
so immediately after the introduction of the 
Criminal Justice Act 1982.78 These trends were 
seen for girls as well as boys. 

The situation during the 1980s has changed 
for the better however. As has already been 
noted there has been a large increase in the 
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numbers of young people diverted from te 
courts ia Bri-ain from 1979-89. The same tread 
has been mirrored by the numbers of youag 
people receiving custodial sentences—that 1s, 
7097 in 1979. and 2176 in 1988.” 

It is of inzerest to note that similar changes 
have occurred within the child care system a 
great increese in the provision of secure 
accommodation having occurred in the 1979s, 
with a decline in its provision during the last 
decade.”” 


Is treatment of delinquency possible? 

CAUSES OF OEFENDING 

Numerous saudies have shown that deunqueacy 
tends to be much more frequent in adolescents 
coming from certain kinds of family and sozial 
backgrounds. The most important variatles 
associated vith juvenile delinquency are: large 
family size, poverty, parental criminal ty, 
marital corflict, poor parental supervision, 
cruel, passive or neglecting attitudes, and 
erratic or harsh discipline* * ?! Farrington has 
shown that the childhood predictors of convic- 
tion up to the age of 32 can be grouped into six 
major conceptual categories: socioeconomic 
deprivation poor parental child rearing, family 
deviance, school problems, hyperactivity- 
impulsivity-attention deficit, and antisozial 
child behaviour. He suggests that the Enk 
between anvisocial child behaviour’ and offend- 
ing probably reflects an underlying construct of 
antisocial personality, and goes on to suggest 
that the other five constructs are possible causes 
of offending. 


IMPLICATIONS FOR TREATMENT 

The implications for planning treatment from 
these considerations are considerable. Whatever 
the theorecical starting point it is generally 
agreed tha there ts no single cause of delin- 
quency; the factors initiating delinquency are 
probaly not the same as those maintaining rt. It 
is unclear kow the various factors interact, and 
most of these identified tend to be inter-related 
anywey. As discussed by Rutter and Giller it is 
difficult to know which possible cause to treat, 
particularly bearing in mind the gap between 
identifying a damaging influence and knowing 
how to mit gate or eliminate it.*” 

The work of Farrington suggests that 
potential o-fenders can be identified at an carly 
age with ¢ reasonable degree of accuracy and 
that, on th2 basis of current empirical evidence, 
the most Felpful methods of reducing juvenile 
offending are through parental training and 
educetional programmes.” Other possible inter- 
ventions include giving more economic resources 
to poor families, providing juveniles with socially 
approved epportunities for excitement and risk 
takinz, deterring offending through an increased 
probability and level of penalty (although this 
also has dangers), increasing the physical security 
or surveilance of potential targets, and en- 
coureging resistance to antisocial peer press_ires. 


Whe to target? 
THE INDIVIDUAL AND THE FAMILY 
A medical model of delinquency has bezn in 
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vogue for many years. Within this model the 
major determinants of delinquent behaviour are 
regarded as being located within the individual, 
the maladjusted personality being the result of 
genetic inheritance or the product of early 
experiences and relationships, especially from 
within the family (see Bowlby”). While such a 
model might suggest a psychotherapeutic 
approach to the treatment of delinquents it has 
been found to be of value with only a relatively 
small number of anxious, introverted young 
people who are aware of their personal problems 
and who want help for them. In the past 20 
years there has been a considerable increase 
in the application of behavioural treatment pro- 
grammes for antisocial and aggressive behaviour. 
Yule has reviewed the most important of these 
techniques. 

The most extensive behavioural family inter- 
vention studies have been those undertaken by 
Patterson and his colleagues at the Oregon 
social learning centre.*>?” Both aggressive 
children and delinquents have been treated 
using a behaviourally orientated parent training 
programme. Parents are helped to use positive, 
non-coercive methods of control; to interact 
more positively as a family; to monitor their 
children’s activities better and to deal more 
decisively with deviant behaviour; to negotiate 
behavioural contracts with their children; and 
to develop improved social problem solving 
skills. The findings have shown that both 
aggression and stealing can be markedly reduced 
by this approach, but that the benefits are much 
shorter lived with the latter group. While this 
approach offers great promise, the published 
studies so far have been flawed by methodologi- 
cal difficulties. Kazdin et al are researching 
further the possible benefits of parent manage- 
ment training and cognitive-behavioural problem 
solving skills.*® 3° 

An important development has been the 
establishment of residential group homes, 
closely integrated with the community and run 
on behavioural lines. The best example of this 
approach is provided by the achievement place 
studies.*°** The model provides a community 
based, family style, group home treatment pro- 
gramme for six to eight youths aged 12-15 years 
who are in danger of being institutionalised. 
The programme is administered by a couple 
referred to as teaching parents, who have had a 
year’s professional training. The goal of the 
programme is to establish through reinforce- 
ment, modelling, and instruction the skills 
needed in the social, self care, academic, and 
prevocational areas that the youths have not 
acquired. There appears to be a significant 
reduction in offending during treatment, but no 
advantages at one year follow up.” 

As Farrington states that if low intelligence 
and school problems are causes of offending, 
then any programme that leads to an increase in 
school success should lead to a decrease in 
offending.” He quotes the Perry preschool 
project carried out in Michigan by Schweinhart 
and Weikart.*° This ‘Head Start’ programme 
and a later follow up study of this group by 
Berrueta-Clement et al” suggest great promise 
but requires replication. 
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THE RESIDENTIAL ESTABLISHMENT 

Delinquent children who repeatedly come to 
the attention of the authorities tend, in this 
country at least, to end up in some form of 
residential care and much Home Office research 
has been directed towards evaluating and com- 
paring such institutions. 

Cross institutional designs have been used to 
look at the large differences that exist between 
institutions in the behaviour shown by similar 
types of residents while they are in their care. 
The first Home Office cross institutional study 
was designed and carried out by Sinclair.** © 
The study was concerned to examine the 
probation hostel system, where it was found 
that the proportions of boys leaving the hostels 
prematurely as a result of absconding or further 
offending ranged from 14% to 78%. Sinclair 
found that certain qualities of the staff, in 
particular the wardens, were important. By 
using the Jesness staff attitudes questionnaires 
it was found that wardens with the lowest rate of 
premature leaving were those who ran a strictly 
disciplined hostel, but who also expressed 
warmth towards the boys and were in agree- 
ment with their wives about how the hostel 
should be run.” Those who were harsh, 
emotionally distant, lax, permissive, or who dis- 
agreed with their wives about hostel policy 
tended to have high drop-out rates from their 
hostels. 

Many young people are placed in community 
homes with education on the premises (CH(E)s). 
(Before the 1969 Children and Young Persons 
Act'® these were known as approved schools.) 
Studies by Millham et af?! and Sinclair and 
Clarke*” have shown that successful schools are 
dependent on qualities of staff and combine 
a harmonious atmosphere, good staff-pupil 
relationships, kindness, consistency, firmness, 
with high expectations, a high level of activities, 
and vocational training. Dunlop’s more detailed 
study of eight CH(E)s, catering for boys aged 
13-15 on admission, showed that schools that 
appeared to lay emphasis on trade training and 
on mature and responsible behaviour had lower 
rates of both absconding and other forms of 
misbehaviour during admission as well as having 
marginally, though significantly, better recon- 
viction rates. 

In their comparison of 12 inner London 
secondary schools Rutter et al showed that 
delinquency rates were probably affected by 
school factors such as appropriately high expec- 
tations, good group management, effective 
feedback to the children with ample use of 
praise, the setting of good models of behaviour 
by teachers, pleasant working conditions, and 
giving Pupils positions of trust and responsi- 
bility. 


THE THERAPIST 

Research into institutions and the use of specific 
techniques has led to an increasing awareness of 
the importance of therapist qualities. As early as 
1967, Truax and Carkhuff’s work with adults 
being treated with Rogerian counselling 
emphasised that effective counsellors were 
characterised by genuineness, empathy, and 
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non-possessive warmth.” Subsequent work has 
shown a great deal of inconsistency in the effects 
of these therapist variables (see Mitchell et al°®) 
and other studies have suggested that different 
qualities are important. Alexander et al examined 
therapist variables in relation to interventions 
with families of delinquents.” They found that 
60% of the outcome variance in treated cases 
was accounted for by structuring and relationship 
skills (these latter being composed of several 
behaviourally defined categories including 
affection, warmth and humour). Kolvin et al 
found substantial differences between therapists 
in their effectiveness in treating children, but 
that the important qualities were extroversion, 
assertiveness, and openness.°® Clearly, research 
indicates that therapist qualities are important, 
but further studies are required in order to 
establish which are the most important ones and 
whether or not they can be taught. 


Is there a medical role in the treatment of 
delinquency? 

ASSESSMENT OF DELINQUENTS 

While delinquents have many features in 
common, it has often been observed that some 
patterns of delinquency overlap with aggression, 
emotional disturbance, poor peer relationships, 
hyperactivity, and attentional deficits. These 
problems may well require assessment and 
treatment in their own right, which can best be 
provided by a multidisciplinary team based in a 
child psychiatry department or child guidance 
clinic. These teams are usually headed by a 
medically qualified practitioner, but the medical 
role in the assessment and treatment of delin- 
quency is probably a limited one. 

Counselling and psychotherapy, based on the 
establishment of a personal relationship, have 
rarely proved successful except for a small 
minority of rather anxious, introverted young 
people who are aware of their personal problems 
and want help with them. Overt neurological 
disorder or severe psychiatric abnormality are 
met with only occasionally in adolescent 
offenders. Those with hyperactivity and atten- 
tional deficits may benefit from medication and 
those with emotional disturbance from indivi- 
dual or family psychotherapy. However, the 
numbers that can be helped in these ways are 
few. For the majority, treatment aims are 
probably best directed towards improving the 
educational, vocational, practical, and social 
skills of the individual and a problem oriented 
approach to assessment and treatment of young 
offenders promises to be the most effective. 
Such an approach has been described by 
Stumphauzer. '” 


REQUESTS FOR PSYCHIATRIC COURT REPORTS 

Despite the fact that the medical role in the 
assessment and treatment of delinquency is 
limited, psychiatrists are often asked to prepare 
reports on young offenders for the court. There 
are a number of different issues on which they 
are asked to advise. The first, and cost obvious, 
is to comment on the presence (or absence) of 
mental iliness. Signs which might suggest these 
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are reports o- self damage, extreme changes of 
mood, and recent changes in personality. A 
history of sofvent or drug abuse may also give 
cause for concern. Aspects of the background 
history, in the absence of any obvious symp- 
toms, such as a previous history of mental ill- 
ness in the femily, may also lead to the request 
for a psychiatric opinion. A psychiatrist may 
also be involved in the assessment and manage- 
ment of some developmental delays, physical 
conditions ard illnesses, especially if there is an 
emotional ccmponent. The investigations for 
speech disorcler, enuresis, and epilepsy provide 
examples: the hyperkinetic syndrome of child- 
hood deserves special investigation and treat- 
ment. A request may be made for an adolescent 
to be seen alone, or with his family, and in this 
context it may be possible for a psychiatrist to 
express a vie ¥ on the personality and emotional 
development of the young person, other 
members of zhe family, or on the functioning of 
the family as a whole. 

Other ind:cations for assessment are unusual 
or bizarre behaviour either reported in the past, 
possibly at the time of an offence, or even 
Witnessed in court during a hearing. Inexplic- 
able, repetit-ve offending, sexual deviancy and 
dangerous behaviour, such as fire setting and 
serious assault against another person may lead 
to a psychiatric referral. 

As with adults, a specific request for assess- 
ment of dangerousness, fitness to plead, di- 
minished responsibility, and treatability within 
the resources of the health service may be 
requested of psychiatrists. In addition they are 
often asked -o advise on, or support recommen- 
dations for, placements within the child care 
system, and often have an important role in 
consulting to establishments within that system. 


Summary 

The medical role in the treatment of delinquency 
is a limited one. There is conflicting evidence as 
to whether treatment aims should be directed 
towards the individual, to the family, the 
institution, or the therapist. Nevertheless there 
seems to be a consensus of opinion that short 
term, focused therapies aimed at improving 
educational. vocational and social skills, possibly 
from a preschool age, are the most effective. 
Any treatment gains achieved while in residen- 
tial care appear to be short lived. It therefore 
seems that this should be reserved for those 
individuals who commit repeated, violent 
crimes and “or those from very damaging family 
backgrounds who repeatedly abscond or absent 
themselves trom community based programmes. 
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Should we use dexamethasone in meningitis? 


The Meningtis Working Party" of the British Paediatric Immunology and 


Infectious D.seases Group 


Meningiiis ic Britain is still a common and 
serious disease. Each year 2000 cases are reported 
to the Communicable Disease Surveillance 
Centre (CDSC), and possibly as many again go 
unreported. Altogether 70% of cases are in 
children, andthe overall mortality is 10%.' This 
means that more children die each year of 
meningitis than of either liver disease or kidney 
disease.” 

Although che prognosis following bacterial 
meningitis improved dramatically after the 
introduction-of antibiotics, there has been no 
major decline in the morbidity or mortality for 
three decades. This is despite a range of 
excellent ant-biotics which are very effective in 
destroying tre causative organisms. Meningitis 
is the commonest cause of acquired postnatal 
sensoriceura! deafness in childhood,’ and also 
produces epilepsy and neurological damage as 
sequelae.* 

In the pas decade evidence has accumulated 
from bcth cellular and animal studies to suggest 
that much o” the cerebral damage is the direct 
result of act-vation of host inflammatory path- 
ways rether than a direct consequence of the 
invading organism. Steroids in vitro block the 
release of inclammatory cytokines from macro- 
phages and other host cells,’ ë and in vivo 
animal expe~iments have shown that both the 
inflammatory response and the resulting organ 
damage occurring in meningitis can be reduced 
by steroids.* This has led to the suggestion that 
anti-inflammaiory treatment may be helpful in 
human diseese. A number of clinical trials have 
now been urdertaken which suggest a beneficial 
effect from steroids, and a heated debate has 
developed #3 to whether steroids should now 
become a routine part of the treatment of 
meningitis. 

How stromg is the evidence? 


In vitro studies 

There is now good evidence that the inflamma- 
tory cascade induced by bacterial products such 
as endotoxin is initiated by cytokines, particu- 
larly tumour necrosis factor-a (TNF-a)? and 
interleukin-1f (IL-1f).'! Synthesis and release 
of these cytokines can be suppressed by pre- 
treatment cf cultured cells in vitro with dexa- 
methasone. * 


'Members inccuce Dr E G Davies (London), Dr D Gibb 
(London), Dr 3 Kroll (Oxford), Professor M Levin (Londen), 
Dr P Rudd “Bath), Dr M J Tarlow (Birmingham), and 
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Animal studies 

The inflammatory response occurring in the 
cerebrospinal fluid of rabbits after intracisternal 
injection of either bacterial products such as 
endotoxin or of live Haemophilus influenzae 
organisms can be blocked by dexamethasone. 
This is effective when administered before or 
with (but not after) an antibiotic.? TNF-a and 
1L-18 concentrations in the cerebrospinal fluid 
are reduced concomitantly. Similar effects have 
been shown in experimental pneumococcal 
meningitis,'* in which intracranial hypertension, 
brain water, and cerebrospinal fluid lactate 
concentrations can be reduced by steroids. In 
addition, the inflammatory response induced by 
intracisternal administration of recombinant 
TNF-a or IL-1f to rabbits is similarly 


decreased by prior treatment with 
dexamethasone. *? 

Clinical studies 

HAEMOPHILUS INFLUENZAE 


Based on this and other evidence, several 
clinical trials were established, initially by 
workers in Dallas, studying bacterial meningitis 
in infants and children. Lebel et al studied 200 
children on two antibiotic regimens for bacterial 
meningitis.'* Most had infection with H 
influenzae. They were randomised to receive 
either dexamethasone 0-15 mg/kg or placebo at 
the onset of treatment and then six hourly for 
four days. These trials suggested that the chil- 
dren treated with steroids had a more rapid 
correction of abnormal cerebrospinal fluid para- 
meters (glucose, lactate, protein), a shorter 
duration of fever, and significantly less long 
term hearing loss than the placebo group. Parti- 
cularly impressive was the reduction in sensor- 
ineural deafness (3°3% in the steroid treated 
group compared with 15:5% in the placebo 
group). Critics were quick to point out that the 
overall death rate in this study was very low 
(only one patient died) and that the 15-5% inci- 
dence of sensorineural hearing loss in the con- 
trol group was much higher than that found in 
other studies. (Pomeroy et al found an overall 
incidence of sensorineural hearing loss of 10% 
in their patients, !° and other groups have found 
the incidence to be even lower.) Despite these 
criticisms, the improvement in morbidity 
appeared striking. 

A further study from the same centre on only 
60 patients failed to detect a statistically sig- 
nificant difference between steroid treated and 
control groups with regard to hearing loss, 
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although the steroid treated group again showed 
more rapid normalisation of cerebrospinal fluid 
abnormalities.'® Since then, Odio, from Puerto 
Rico working in conjunction with the Dallas 
group, again failed to find a statistically signifi- 
cant reduction in deafness in her steroid treated 
group,” but showed an overall reduction in 
the incidence of ‘neurological complications’ 
compared with a placebo group. 

Eighteen months ago, a meta-analysis of all 
published trials of steroids in bacterial meningi- 
tis was performed.'* The results showed that 
steroids had not reduced the overall risk of 
death or neurological abnormality at hospital 
discharge or follow up examination. When 
many of the variables between studies were 
eliminated by analysing the only five studies 
performed primarily in children, there was still 
no significant difference in this subset. 
However, restricting the analysis to the three 
(then) most recent studies, all of which came 
from the same unit in Dallas, evidence was 
found that im haemophilus infections alone, 
dexamethasone reduced the risk of bilateral 
moderate or more severe hearing loss (although 
a statistically significant benefit was only found 
in one of these three studies). 

Can we apply these results to British practice 
directly? 

The vast majority of cases of childhood 
meningitis seen in North America in the 1980s 
were due to H influenzae, and the above trials 
concentrated on this organism. Since these 
studies, effective haemophilus vaccines have 
been introduced in many countries, including 
the USA, and will be in general use in Britain by 
the end of 1992. Haemophilus meningitis is 
likely to become much less common in this 
country within a few years. 

So what about the other organisms? 


MENINGOCOCCUS 

Meningococcal meningitis is at least as common 
as haemophilus in Europe, and will become 
relatively more important with the decline of 
haemophilus disease. However, few data are 
available for the effect of steroids in this 
condition. 

In a controlled trial of steroids Girgis et al 
studied 429 adults and children with bacterial 
meningitis in Cairo, Egypt.'? Of these 267 
were due to meningococcal infection. Despite 
this large number there was no evidence that the 
steroid treated group fared any better than those 
given antibiotics alone. The mortality and 
incidence of serious sequelae was equal in both 
groups. The authors suggested that this may 
have been because the damage had already 
occurred before the patient reached hospital. 
There is some experimental and clinical support 
for the suggestion that hearing loss (for example) 
occurs very early in bacterial meningitis.”° 7! 
Unfortunately it is difficult to extrapolate from 
the results of this trial to our own clinical 
management. These Egyptian patients were 
extremely sick (60% were comatose on admis- 
sion), and neither the occurrence of subtle 
neurological defects nor the incidence of possible 
side effects was carefully monitored. In addition 
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the pathophysiological changes in meningc- 
coccal meningitis may not be identical to those 
in haemophilus meningitis. The clinical pictuze 
differs (meningococcal disease is more frequently 
associated with septicaemia and a purpuric ras 
for example), and other as yet undefined factors 
may have a role in meningococcal disease. 

There is no evidence available to assess the 
role of steroids in meningococcal meningits 
with septicaemia and septic shock. In other 
forms of septic shock there is little evidence thet 
steroids are beneficial (even when given early , 
and they may possibly be harmful.“ We would 
therefore recommend caution in using steroics 
in children with meningococcal meningitis with 
associated septic shock until more evidence 3 
available. 


PNEUMOCOCCUS 

What about pneumococcal meningitis? Althouga 
in Britain this is the least common of the three 
major agents causing bacterial meningitis in 
infants and children, the morbidity and mor 
tality is higher than for either haemophilus 
or meningococcal infections. There is littl 
published evidence that steroids may be of valu2 
here: the Egyptian study by Girgis and colleagues 
quoted above found a reduction in the mortalit7 
and morbidity of patients with pneumococcal 
meningitis receiving steroids,’? and a small 
retrospective study from Dallas suggested thz 
fewer steroid treated patients had an advers: 
neurological outcome.” 

Several other studies have been initiated sinc 
1989, both in North America and in Europe; t» 
our knowledge none of these have yet produced 
statistically significant results. No evidence is 
currently available for a role for steroids in 
neonatal meningitis, although trials are in 
progress. 


Complications of steroids 
Do the complications of steroid treatmen: 
outweigh its advantages? 

Two patients who received steroids in the 
original Dallas studies had sufficiently severe 
gastrointestinal bleeding to need transfusion, anc 
two other children had detectable ‘occult blood 
in their stools.'‘* Information on the compli- 
cations of steroids from many of the other 
published studies are incomplete, and the overal_ 
morbidity of adjunct steroid treatment is, in our 
opinion, still unclear. An experimental study 
in rats has suggested that steroids potentiate 
ischaemic damage to neurons,** with obvious 
implications for clinical management. 

The use of dexamethasone may delay steri- 
lisation of the cerebrospinal fluid. Although this 
was noted in only one patient in the Dallas 
studies, it remains a clinical concern for many, 
and further data from other centres would be 
reassuring. 

As all the evidence suggests that steroid 
treatment is only beneficial if given very early 
(preferably even before the antibiotic) a number 
of children with viral meningitis will be treated 
with steroids for short periods (probably up to 
48 hours). No adverse effects from the steroid 
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treatment have yet been reported, but very few 
children in this group have been studied, and 
more information is still required. 


Rationale for steroid treatment 

The rationale for steroid treatment is dependent 
on the corcept that the damage is primarily due 
to the host inflammatory response rather than 
the direct effect of a toxin produced by the 
Organism itself. Is this necessarily the case? 
There is evidence that it is true in H influenzae 
meningitis,” in which the pathogenic material 
is considered to be lipopolysaccharide of the 
outer cell membrane (LPS, endotoxin), a sub- 
stance that primarily provokes the release of 
host cytokines but is itself largely non-toxic 
to many mammalian cells. In pneumococcal 
meningitis, cell wall lipoteichoic acid may play 
the same part as Gram negative LPS,”° but here 
there 1s some evidence that other substances 
such as pneumolysin (a pneumococcal exotoxin: 
may also be involved. Pneumolysin can directly 
damage tissues, probably by producing pores in 
cell membranes.’ If this is part of the mechanism 
of pneumococcal damage, pneumococcal disease 
might not be as steroid responsive as haemophi- 
lus meningitis. Few studies have been performec 
on the mechanism of tissue damage in meningo- 
coccal meningitis. Although meningococcus 

like haemophilus, is a Gram negative organism. 
containing LPS in its outer cell membrane 

there is no certainty that it produces tussue 
damage :n the same way; indeed the verr 
different clinical patterns of disease producec 
by the tw organisms suggest that their mechan- 
isms of toxicity may differ in important ways. 

There is thus little adequate data from an” 
North American study to demonstrate a con- 
vincing benefit resulting from dexamethasone 
administration in meningitis due to any organisna 
other than haemophilus. More studies are called 
for.: There are still no published studies from 
Europe, where the incidence of deafness and 
other complications may be less than in th2 
populaticns studied by the Dallas group, and 
where antibiotic use and clinical practice 5 
often different. 

After reviewing the evidence, the Committe2 
on Infectious Diseases of the American Academy 
of Pediairics concluded that “Dexamethason2 
therapy probably reduces the likelihood cf 
deafness after H influenzae meningitis . . . The 
utility of dexamethasone in treatment of pnet- 
mococca. or meningoccal meningitis is not yet 
known’.*2 


Conclusion 

In conc.usion then, it seems probable that 
children with haemophilus meningitis mey 
benefit from the use of early adjunct treatment 
with dexamethasone, particularly in the reduc- 
tion of dzafness. Almost all the evidence for this 
comes from a single unit in North America, ard 
different parameters have shown benefit in 
different trials. The advantages of steroid treat- 
ment he-e probably outweigh the disadvantages. 
The case for pneumococcal meningitis is 
minimal, based in a retrospective study from 


Dallas and on a subgroup of a Cairo study 
performed in a mixed group of adults and 
children. Very limited information is available 
for meningococcal meningitis. What evidence 
there is suggests steroids may not help. As there 
are well established risks associated with steroid 
administration to septic patients, especially 
those in shock, there is an urgent need for 
further studies to confirm or refute this poten- 
tially major change in our management of a 
widely and justly feared infection. 

How easy would these be? 

It would be necessary to recruit very large 
numbers of patients and controls (many 
hundreds) into a placebo controlled trial of 
dexamethasone designed to confirm or refute a 
50% reduction of moderate/severe deafness in 
bacterial meningitis. The patients would need 
careful monitoring and audiological follow up 
over a prolonged period. We may be approach- 
ing the point at which this type of controlled 
study can no longer easily be performed in 
Britain alone. 

A European multicentre trial may be the 
answer. 
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That disease again 

There is no doubt that Kawasaki disease (in this journal we refer 
to Kawasaki disease and Down’s syndrome; don’t ask me why 
though I note that Tomisaku Kawasaki himself puts his name to 
the unapostrophised form) has a certain fascination for paediatri- 
cians. Is it the unusual clinical features, the diagnostic challenge, 
the rarity of coronary disease in paediatrics, or simply the exotic 
name which catches the imagination? The subject was well covered 
in the December 1991 issue of the Archtves and I would hesitate 
to raise it again were it not for the publication in Pedtatnes of data 
about the cardiac sequelae of the disease from a very large survey 
in Japan by Yosikazu Nakamura and several colleagues including 
Dr Kawasaki (Pediatrics 1991;88:1144-7). 

Between July 1982 and December 1988 no fewer than 46 864 
cases of Kawasaki disease were reported in Japan. Sixteen per cent 
of them had cardiac sequelae at least one month after the onset 
(that is ‘the presence of aneurysms including dilatation or stenosis 
of coronary artery, myocardial infarction, or valvar lesions’). 
Heart disease was about one and a half times as common in boys as 
in girls. During the 6°5 year period there was a modest decrease in 
the proportion of patients developing heart disease (from 16°5% to 
14:2%) and a large increase in the proportion receiving gamma- 
globulin (from 2'5% to 54°8%). Those with cardiac sequelae had 
more commonly been treated with intravenous gammaglobulin 
probably because the treatment was given to those with serious 
disease. It has previously been reported that the mortality from 
the disease fell from 2% in 1967 to 0:1% in 1986. 

This study adds to the epidemiological data about Kawasaki 
disease and its sequelae but provides no evidence to support or 
refute the use of immunoglobulin. 
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African children in Britain 


Anne Nesbatt, Margaret A Lynch 


Historical Lackground 

African chilcren have been living in Britain since 
the 16th cenzury. Brought by slave traders they 
were advertised, auctioned, and sold as servants 
in Bristol, Liverpool, and London. They often 
worked in aristocratic households and are 
portrayed in groups of the period by Zoffany 
and Reynold:.! 

After the abolition of the slave trade Britain’s 
black community divided and intermarried. 
From the mid 19th century small numbers of 
West Africans, mainly unaccompanied men 
came tc Britam to study law, theology, and 
medicine at tne behest of parents, missionaries, 
and philanthrepists. In 1950 there were 90 
African students in Britain, towards the end of 
the 1960s as Independence became a reality, the 
numbers had ncreased tenfold.” 

A Coldnial Office report of 1955 recognised 
the isolauon end discrimination experienced by 
students and ectively encouraged accompanying 
families.* The difficulties they experienced are 
well described in Buchi Emecheta’s semiauto- 
biographical movel Second Class Citizen.‘ The 
period of star in Britain often exceeded five 
years, but mest students eventually returned 
home to significant positions in government 
service. 

The optimsm and high expectations that 
followed independence have not always been 
fulfilled. Mos: African countries face major 
debt crises fcr the foreseeable future. Civil 
wars, political instability, population pressure, 
and drought have exacerbated their difficulties 
and resulted ir a diaspora of the African urban 
middle class, often to countries with old esta- 
blished links, Dut also to the Middle East and 
southern Africe. 


Population statistics 
The Labour Fcrce Survey (1988) estimated the 
settled African population in Brita was about 
122 000. This sepresented an increase of about 
30% since 1981.° Since 1988 acceptances for 
settlement in Britain to African nationals have 
doubled to aroind 8000 per annum. In 1990 
African children accounted for 1350 of these 
acceptances. In the same year, leave of entry 
‘was granted t 113000 Nigerians, 38 700 
‘Shanaians. and 10 800 Sierra Leoneans.° 
Applications 3 “or refugee status and asylum in 
3rtain have increased tenfold over the past 
three years to an estimated total of 50 000 for 
7991, with a substantial majority of applicants 
coming from Scralia, Ethiopia, and Uganda.’ 
Recent applicanis have included unaccompanied 
children. 


The Labour Force Survey of 1986 identified 
71% of Britain’s African population as living in 
metropolitan areas. London was home for 81% 
of the total,® and other cities with significant 
African populations included Birmingham and 
Liverpool. In 1987 African children represented 
4-7% of the total state school population in 
London. The highest proportions of African 
schoolchildren were in the Boroughs of Hackney, 
Lambeth, Southwark, and Wandsworth.” 

The number of live births in the UK to 
mothers born in Africa has increased from 3593 
in 1985 to 4721 in 1989, an increase of 35% over 
four years. ?? 1 

Studies relating to a neonatal haemoglobino- 
pathy screening programme in a south London 
health authority identified the proportion of 
births to mothers born in Africa as rising from 
6-1% in 1981 to 145% in 1989, the total 
number of births per year remaining constant 
(unpublished data interim report on Camberwell 
neonatal haemoglobinopathies screening 
programme 1990).! 

Regretably the methods of collection of 
ethnicity data in medical and sociological studies 
are not always clear or consistent. Information 
relating to African children and families has 
often been aggregated into the simplistic cate- 
gorisation of ‘Afro-Caribbean’ masking impor- 
tant differences within the group and making 
interpretation of findings difficult. 


Social circumstances 

African families living in Britain share many of 
the problems faced by all families living in inner 
city and urban areas, but they differ in their 
expectations, aspirations, and supporting social 
networks. Recent editions of African Women, a 
development journal published by African 
women in Britain, have drawn attention to some 
of the perceived difficulties of the African 
Community. '? 

The expectation of a recently arrived refugee 
family is as a safe haven for the vulnerable 
family members during the period of war or 
repression in their home countries. Most want 
to return, preferably with new skills to offer to 
their society. The most recently arrived refugee 
families are mainly from the Horn of Africa, but 
also include asylum seekers from Kenya, 
Angola, Sudan, and Zaire. Families are often 
fragmented with husbands and older sons left 
behind, their whereabouts unknown. English 
language skills are initially limited and trained 
interpreters scarce, limiting access to benefit 
rights, health care, and training programmes. 
Accommodation is frequently in homeless family 
units or ‘bed and breakfast’ establishments. 


African children in Britain 


The expectations of a family from West 
Africa were previously educational but are now 
primarily economic. The per capita income in 
Nigeria has fallen from $1000 year in 1983 to 
less than $250 in 1990 and employment oppor- 
tunities have disappeared. Employment oppor- 
tunites in Britain have been reduced by the 
current recession forcing professionally qualified 
Africans into low paid casual work with catering, 
cleaning, and security firms. The financial 
pressure to remit money home to the extended 
family often forces both parents to work. 

The distinctions between being a visitor, a 
student, an economic migrant, and an asylum 
seeker are often blurred. The rapid changes in 
Africa can mean that today’s visitor or student 
becomes tomorrow’s asylum seeker. Economic 
pressures convert today’s bona fide student to 
tomorrow’s economic migrant; political mstabi- 
lity changes today’s president to tomorrow’s 


refugee. 


Childcare 

Childcare presents a problem for all working 
parents, particularly for the West African 
mother used to family support. Local authority 
day nursery places and college creche places are 
limited and play groups and nursery classes are 
rarely full time. Private nurseries are prohibi- 
tively expensive and registered child minders 
charge over £50-60 a week. After paying 
overheads there is little left from a casual 
worker’s salary. One of the child care options 1s 
a well organised partnership with the child’s 
father which can work successfully where one 
partner is a student or works a shift system.'* 
Another option is that the child/children are 
fostered in West Africa by a member of the 
extended family, often grandmother. This is a 
culturally accepted practice, but 1s unattractive 
at times of economic hardship in Africa. A third 
alternative is a private fostering arrangement in 
Britain. The costs are similar to those of a daily 
child minder and allow the parents additional 
flexibility to work long unsocial hours and 
increase their earning capacity. 

The practice appears to have begun in the 
mid 1950s at the time of the Colonial Office 
policy change and is well established in parts of 
Suffolk, Hampshire, Avon, mid Kent, and 
Sussex. It is estimated that there are between 
6000-9000 privately fostered children in Britain 
at present, the majority of west Afmcan 
parentage. In a study of 81 children of African 
born parents entering south London primary 
schools between 1988-90, 29 (37%) had been 
fostered in Africa or Britain for varying periods 
before school entry (A Nesbitt, unpublished 
MSc thesis, 1990 University of London). 

Some foster placements were and are success- 
ful but the quality of others has been questioned. 
The Commonwealth Student’s Children’s 
Society and latterly the Save the Children 
Fund’s African Family Advisory Service (AFAS) 
have tried to contain, monitor, and support 
private foster placements. Concerns identified 
by AFAS have included minimal knowledge of 
the children’s background, culture, and medical 
history by the foster parents, limited information 
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about the children’s natural parents, some of 
whom were known to have returned to West 
Africa (usually Nigeria), children being passed 
between foster families, understimulation and 
educational underachievement, inadequate use 
of medical services by foster parents, and confu- 
sions in the children about their racial identity. !° 

AFAS was subsequently contracted by the 
Department of Health to advise of the draft 
regulations on private fostering in the 1989 
Children Act. Under the regulations now in 
force local authorities are required to develop 
systems of notification from foster parents, 
birth parents and third parties, including health 
and education workers. In the guidelines the 
importance of delegating responsibilty of 
consent for medical treatment is stressed, as 1s 
the transfer of medical and parent held records 
and adequate information to foster parents 
about the child’s medical history.'° While the 
regulations and guidelines offer a model of good 
practice, it remains to be seen whether the 
resources and personnel needed to implement it 
are in place. 

Some West African families become foster 
parents themselves, fostering in Britain older 
children from the extended family in Africa, 
continuing a long established traditional prac- 
tice. This group of children appear particularly 
vulnerable as they try to adapt simultaneously toa 
new country, family, and educational system. 


Drug related offences 

The economic pressure in West Africa have led 
to increasing numbers of Africans, particularly 
Nigerians, becoming involved in the importation 
of drugs. There are at present approximately 
300 West African women in British prisons 
serving sentences between three and 12 years 

many for drug trafficking offences." A signifi 

cant number of these women have childrer 
either in Britain or in West Africa. Children it 
Britain at the time of their mother’s arrest ar- 
usually placed in local authority foster care, 
with attempts being made to continue mother- 
child contact by prison visiting schemes. At th= 
end of the sentence mother and child are usually 
deported immediately. Nigeria’s Decree 33 
enacted in October 1990 and yet to be tested 
indicates that convictions for drugs offences 
overseas may result in a further prison sentence 
in Nigeria. The African community in Britam 
has been active in improving welfare services fcr 
African prisoners and their dependants. 


African communities in Britain face the tack 
of adapting to a new country in its owm 
economic recession, at the same time shoulderirg 
responsibility and anxieties for their families :n 
Africa. 


Health needs 

ANTENATAL AND NEONATAL SERVICES 

The infant mortality rate for children born in 
the UK of African born mothers (excluding 
East Africa) was 11:2 per thousand in 1939 
compared with an overall rate of 8-3 fer 
thousand. The neonatal mortality rate for bab es 
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of African born mothers for 1989 was 7:4 per 
thousand ccmpared with 4-7 thousand for 
babies of UK born mothers.'! However, the 
aggregated postneonatal mortality rate for babies 
of African born mothers (1982-5) was lower 
than that cf babies of UK born mothers, with 
lower mortality rates for diseases of respiratory 
system and sadden infant death.'® The stillbirth 
rates to A=ncan born mothers has increased 
from 6°6 tc 7°8 per thousand over the 1985-9 
period. The overall stillbirth rate in 1989 was 
4:7 per thousand.!° !! 

Birthweight distribution for infants of African 
born mothers over the period 1982-5 was 
similar to that for infants of UK born mothers.!® 
Black Mortn American infants of low birth 
weight have teen shown in a number of studies 
to have lover neonatal mortality rates from 
respiratcry distress syndrome.!? 2° A study 
from south east London, which compared 
“‘Britsh’, “West Indian’, and ‘African’ births 
found no significant difference in perinatal 
mortality amcng very low and low birthweight 
babies.” 

The raisec stillbirth and perinatal mortality 
rates in bab:es of African born mothers have 
implications cr antenatal and special care infant 
services. A tendency for ‘late booking’ by 
African (and Asian mothers) in a south London 
antenatal clinic has been recorded.*” 


HAEMOGLOBIMOPATHY SERVICES 

Carrier retes for haemoglobinopathies in parts 
of Africa are igh. In western Nigeria there is a 
25% carrier ret2 tor haemoglobin S, with a 2:5% 
incidence rate of sickle cell disease. Awareness 
cf sickle cell d:sease in the African community 
is low. In con-rast, the West Indian community 
kas actively ‘obbied for the provision of 
improved seryv.ces and health education pro- 
grammes. African children now represent the 
largest user group in a number of the estab- 
lished sickle c2ll centres in Britain. In 1985, the 
Runnymede Trust Survey discussed the patchy 
and ad hoc natire of sickle cell anaemia services 
in Britain ** 3mce then, funding for already 
limited neonetal screening programmes has 
been under threat and with the new NHS cross 
boundaries purchasing arrangements, high 
priority has nct always been given to the provi- 
sion of quality care for children with haemoglo- 
bmopathies. Iceally the facilities should include 
access to information, screening and counsell- 
ing, as well as specialist paediatric input. 


HEPATITIS E IMMUNISATION PROGRAMMES 
The high prevelence rates of chronic carriage of 
hepatitis B surrace antigen in African countries 
results in increcsed morbidity from liver disease 
and a raised incidence of hepatocellular car- 
cinoma. Carner rates in African women are 
probably up to 20%, with vertical transmission 
frem mother to baby being closely linked to the 
mother’s e ancizen status. Perinatal vertical 
transmission rates in Africa and in the West 
Indian commu;ty in Britain are quoted as 
being between C3% to 5%.77-*© 

Policies for reonatal hepatitis immunisation 


Nesbitt, Lynch 


in Britain at present vary. Some districts screen 
all women antenatally, immunising babies of e 
antigen positive mothers, others have a selective 
screening programme, yet other districts are 
now immunising all infants at birth. Maintaining 
high uptake rates for the second and third doses 
of vaccine is difficult as parents have often been 
poorly prepared antenatally about the reasons 
for immunisation. The long term international 
solution is the incorporation of an affordable 
vaccine into infant immunisation schedules; in 
Britain in the short term policies need to be 
rationalised. 


SERVICES FOR HIV POSITIVE FAMILIES AND 
CHILDREN 

The high prevalence rates of seropositivity to 
HIV in parts of Central Africa are well docu- 
mented. Two London departments of geni- 
tourinary medicine have reported increasing 
numbers of HIV positive adults from Africa, 
particularly Uganda.” 72 A 2% seropositivity 
prevalence rate is reported among African 
women attending a south London antenatal 
clinic.*” Small but in service terms significant 
numbers of African children and adults living in 
London have developed full blown AIDS. 
Existing services have not been geared to the 
needs of African women and children living in 
social and cultural isolation. Medical manage- 
ment is at present based in major centres, but 
local support systems are developing. 


BCG IMMUNISATIONS 

BCG immunisation policies for African children 
in Britain may need to be reviewed. The 
incidence rate of tuberculosis in Somalia was 
rising before the outbreak of civil war? and 
notification rates in many African countries are 
high, with an increase in HIV related tuber- 
culosis being reported world wide. At present 
the majority of children arriving from Africa 
have received a BCG immunisation neonatally, 
in some areas of Britain their siblings will also 
be immunised at birth, but in other areas 
immunisation will be at about the age of 13 years 
unless specifically requested by parents. 


DEVELOPMENTAL DIFFICULTIES 
Epidemiological data relating to developmental 
delay and disabilities in children of African born 
mothers in Britain is not available. There is a 
perception among educationalists and doctors 
that there may be an increased incidence of 
language and communication disorder, a pattern 
that bas been noted in other immigrant 
communities (L Wing, un unpublished data cited 
in Akinsola and Fryers).*° 

Again, there are service implications as well 
as the cross linguistic and cultural therapeutic 
challenge. 


FEMALE AND MALE CIRCUMCISION 

The term female genital mutilation is now being 
advocated to cover the different forms of female 
circumcision practised in Africa. ‘Surgery’ is 
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radical in Sudan, Eritrea, and Somalia; less 
radical in Ethiopia and Sierra Leone. The 
procedure constitutes and offence in Britain 
under the Prohibition of Female Circumcision 
Act of 1985. Under the Children Act a Prohibited 
Steps Order can be made where necessary to 
prevent parents carrying out a particular act 
without the consent of the court-—for example 
removing a child from Britain so that mutilation 
can be carried out abroad. FORWARD (the 
Foundation for Women’s Health Research and 
Development) has led the campaign against 
female genital mutilation in Britain and has 
outlined action of strategies when proposed 
female genital mutilation in Britain is 
suspected.'* They emphasise the importance of 
medical practitioners, nurses, midwives, social 
workers, and teachers being aware of the 
practice. Many African women in Britain 
speak openly of their own experiences and of 
their wish to protect their daughters from 
traditions and practices imposed by elderly 
female relatives. 

Circumcision for many young African boys 
takes place in the newborn period. In West 
Africa, it is typically carried out by the midwife 
in hospital in the days immediately after 
delivery. In Britain hospital based circumcisions 
are hard to access and rabbinical services are 
frequently used. The Children Act guidelines 
for privately fostered children in Britain suggest 
that male circumcision should be carried out by 
a hospital or clinic based service and by a 
medical practitioner. !4 


CHILD ABUSE 

Professionals in the field of child abuse and 
neglect in Britain and Africa have experienced 
little difficulty in reaching a consensus about 
what it constitutes as was demonstrated at a 
recent international conference (B Oloko, 
International Workshop on Child Abuse and 
Neglect, Lagos 1990). African communities, ın 
general, condone physical punishment of the 
naughty older child, with extended family 
members controlling this effectively if it is 
excessive. In Britain, when the African nuclear 
family is under stress, physical punishment can 
get out of hand, leading to the instigation of 
child abuse procedures. Child protection 
agencies, however, have little experience im 
working in partnership with African families 
and can easily alienate families with what is 
perceived as confrontational interference. 
Conversely agencies by recognising traditional 
child rearing practices and giving them undue 
weight can neglect the child’s needs. 


Conclusion 
In today’s world of upheaval and change, 
professionals working with children in Britain 
must be willing and interested in realising an 
international perspective on child welfare in their 
day to day practice. They need to be responsive 
to the rapidly changing needs of Britain’s 
immigrant communities. 

The 1989 Children Act has the expectation 
that the ethnic background of the child and 
family will be taken into account when working 
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with priorities and decision making. In 
December, 1991, the UK ratified the United 
Nation’s Convention on the Rights of the Child. 
Its articles state the right of all children to enjoy 
the highest attainable standards of health, access 
to facilities for the treatment of illness and 
rehabilitation to health. In addition it states that 
protection be offered to refugee children. This 
legislation and the intent of the convention 
should offer a firm foundation on which to build 
effective flexible health services for ail ethnic 
communities. Ultimately this will depend on 
strong equal partnerships with community 
leaders and commitment to the ideal that all 
children deserve to achieve their potential and 
enjoy their childhood. 


We thank our African friends and colleagues for help, advice, 
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Challenges for child health in Australia 


R Kim Oates 


In any current discussion of child health in 
Australia, the financial aspect is usually pre- 
dominant. Governments tell us that there has 
been a ‘blow-out’ in health costs. This argument 
is not supported by the facts which show that 
health expenditure in Australia has merely kept 
up with inletion, remaining at between 7:5% and 
8°1% of g-ass domestic product for the last 15 
years. Th2 blow-out in health costs is in fact 
similar to the blow-out in the cost of ball point 
pens and >rezkfast cereal. For child health the 
challenge _s how to get an adequate share of the 
health budget and how to use it most appro- 
priately. 

Of cours: there are many other clinical 
challenges which confront Australian paediatri- 
cians. Reletrvely little impact has been made on 
the two biggest causes of death of children after 
the first month of life, the suddent infant death 
syndrome in the first year and accidents beyond 
the first year. Even up to 1 month of age, while 
there has teen considerable progress in the 
intensive zre of extremely low birthweight 
infants, there has been far less progress m 
preveniing the premature births which lead to 
these protlems. Other major health challenges 
for Australian paediatricians, in terms of size 
and seriousness, include better understanding 
and improved management of asthma, a reduc- 
tion in the rumber of cases of child abuse and 
neglect, and providing care for the increasing 
number of children surviving, often into adult 
life, with caronic handicaps. 

While none of these challenges have simple 
auswers, the four headings in this paper: health 
costs; hospitals, their communities and health 
delivery; cad health education; and a national 
child h2alth policy, are relevant to progress in 
these areas. 


Health costs 

The cost of realth in Australia is borne largely 
by the tax paver. Taxation funds Medicare (a 
scheme of aniversal health insurance which 
covers the costs of hospital care in the non- 
private sec:or and 85% of the ‘common fee’ for 
medical coasultations and surgical procedures), 
the Pharmaceutical Benefits Scheme, and some 
government funded research. The federal 
governmemt also funds the bulk of hospital run- 
ning costs -hrough grants to the states although 
the states determine the allocation of these 
funds to hespatals. 

Assuming that there will be no increase in the 
health budget, the problem for child health is to 
measure tke effectiveness of what we do so 
that healtk services for children are not dis- 


advantaged when health resources are allocated. 
While it is true that children are our future and 
that promotion of good child health is likely to 
reduce future adult health costs, facts are 
needed to support this argument. For children’s 
health services to mount an effective argument 
for an adequate share of the health budget, 
effective outcome measures must be developed. 
Effective outcome measures enable logical 
decisions to be made about which areas of child 
health care may be able to be given up if they 
are found to be of little value and which areas 
need to be enhanced and improved, while at 
the same time providing a way of establishing 
the effectiveness of the newly introduced tech- 
nology. 

In an attempt to measure the activity of 
hospitals, and to determine their funding, 
Australia is looking at the introduction of 
diagnostic related groups (DRGs) for hospitals. 
As DRGs use average length of stay as a 
measure of cost and as children’s hospitals have 
long had emphasis on children being in hospital 
for the minimal time, there is a danger that 
DRGs may disadvantage children’s hospitals. 
Because adults in hospital often have multiple 
problems, while most children usually have 
only one or two problems, the DRG loading 
given to children’s conditions for complexity is 
lower. Further, the range and complexity of 
some paediatric problems was not allowed for in 
the initial DRG formulation, although a revised 
version is more acceptable. The Australian 
Association of Paediatric Teaching Centres is 
currently assessing how DRGs can be used so as 
not to disadvantage children’s hospitals. 

Another way of looking at outcome is to use 
quality adjusted life years (QALYS). Quality of 
adjusted life looks at physical functioning, the 
person’s role in society, their relationship to 
society and their health, with these measures 
being adjusted for longevity. This allows a 
comparison to be made between outcome and 
expenditure for different diseases. It can be a 
powerful tool in arguing for increased paediatric 
funding as most children who survive medical 
and surgical problems do so with a good quality 
of life and long life expectancy in comparison 
with the results of treating many adult diseases. 
QALYS can also can be used to make value for 
money comparisons between different paediatric 
treatments such as comparing costs and value 
of school screening procedures, or even neonatal 
intensive care, with the cost and benefit of 
introducing Haemophilus influenzae immunisa- 
non. 

The development of efficient outcome mea- 
sures will improve the quality of care we 
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provide. Health costs are partly determined by 
the fact that health providers, particularly 
hospitals, have done things in the same way for 
such a long time that it is comfortable to keep 
things the way they are. A squeeze on the health 
budget has certainly raised the discomfort level 
and has been necessary to encourage innovative, 
lateral thinking as to the most efficient ways of 
providing health care for children. 

While a proportion of the health budget 
should be set aside for research into outcome 
measures, laboratory and clinical research is 
largely funded by the federal government 
through the National Health and Medical 
Research Council’s peer reviewed, competitive 
grant process. Federal funds for health research 
have been increased by 8% per annum in real 
terms since 1989 with initiative in such areas as 
asthma, the health needs of disadvantaged 
groups, public health research and opportunities 
for training young researchers. However, 
research expenditure is only 1:5% of total health 
expenditure, whereas the internationally re- 
commended level is 2%. For child health, the 
challenge is for paediatric researchers to com- 
pete effectively with the other, often more 
research oriented medical disciplines, while a 
problem for all researchers is that research 
salaries are becoming even less competitive in 
the market place. 


Hospitals, their communities, and health 
delivery 
There is sometimes talk about hospital paedia- 
trics and community paediatrics as though they 
were two separate entities. Children’s hospitals 
and children’s units in general hospitals are 
community resources, just as schools and 
shopping centres are community resources. It 
would be advantageous for the distinction 
between hospital and community paediatrics to 
merge, with hospital and community services 
sharing some staff and resources, while recog- 
nising that certain conditions can obviously only 
be managed in hospitals while for other problems, 
children are best served by having their health 
delivery in the community. Some of the 
challenges that children’s hospitals face within 
their own walls are those of chronic illness 
causing an increased demand on resources. This 
includes children with long term handicaps who 
may require frequent hospital admissions, 
although occasionally these admissions are for 
respite and could be better managed in a more 
homely, respite atmosphere than in a high 
technology teaching hospital. Children’s hospi- 
tals are increasingly looking to the community 
to have some of the needs of these chronically 
handicapped children met, such as the small, 
but increasing number of children being venti- 
lated at home. An example is a quadriplegic 
child with no spontaneous respiratory function 
who, having had his immediate care in hospital, 
is able to be cared for at home, with home 
visiting from a hospital or community based 
service with appropriate expertise. 

Many children with long term chronic illness 
are now surviving beyond the paediatric age 
group, so that subsequent hospital and com- 
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munity care will be in adult hospitals or from 
adult based community services. These include 
older teenagers with cystic fibrosis and spina 
bifida, conditions which may be poorly under- 
stood by adult specialists and where access to 
the comprehensive paramedical services and 
team approach of a children’s hospital may not 
be part of the philosophy of the adult centre. 
The transition of our patients to adult care is 
rather like the problem parents face as their 
children grow up. As our patients grow older we 
should be teaching them to be less dependent on 
paediatric services and be willing to start letting 
go while ensuring that we communicate with 
and educate our adult colleagues in the hospital 
and the community, so that our patients can 
move on to a level of care sufficient for their 
needs. Regular meetings between paediatricians 
and adult physicians and transitional, joint 
clinics will help. 

Children’s hospitals in Australia have con- 
centrated in the last 15—20 years on building up 
specialty units so that most have units represent- 
ing all of the paediatric subspecialties. This has 
sometimes been at the expense of generalist 
services. The question is whether there is still 
room for general paediatricians in children’s 
hospitals. The experience of adult teaching 
hospitals suggests there is. Most adult teaching 
hospitals no longer have general physicians so 
that patients, who may have multiple problems 
are admitted under the care of a subspecialist 
who is often unable to take an overview of the 
patient’s problems and coordinate care. The 
general paediatrician in the teaching hospital is 
also necessary for role modelling. Most current 
paediatric trainees are likely to move into 
general or community paediatric areas as most 
of the subspecialty units are adequately filled 
by relatively young subspecialists. 

While teaching hospitals have a major 
inpatient focus, a significant proportion of their 
work involves outpatients. One way of integrat- 
ing hospital and community child health services 
is to decrease the length of stay even further 
with more emphasis on outreach services, utilis- 
ing paediatric nursing and medical home care 
services combined with the development of 
protocols for high quality ambulatory care. This 
would achieve improved integration of hospital 
and community services with specialty staff, 
who may have an appointment in the community 
as well as in the hospital, being responsible for 
ensuring continuity of care using resources 
which move between the hospital and the 
community. 

The challenges for community child health 
are even greater. The major one is to determine 
the effectiveness of community child health 
services. While screening surveillance is tradi- 
tionally part of community child health, ade- 
quate information systems which give data 
about outcomes, rather than about throughputs 
have to be developed. There is little point in 
screening if we cannot measure the outcome of 
the screening process. 

While it is difficult to measure the value of 
community child health services, particularly 
primary and secondary prevention and health 
promotion, ways of mgorously evaluating these 


services have to be found. Traditionally, 
community child health services have not 
attracted people with experience in investigation 
and evaluation. However, the newer generation 
of paediatricians includes some with expertise in 
epidemiology, research, and biostatistics. As 
they move into community child health, this 
will be one of their tasks. The initiative has been 
taken by tke Australian College of Paediatrics 
by establisting a Faculty of Community Child 
Healtk to etter integrate hospital and com- 
munity services. This is particularly important 
in view af the opinion in some sections of 
government that doctors are not particulary 
necessary 19 child health and that ancillary 
medicel statf, who may be cheaper to employ, 
can dc mery of their duties. While this view 
may have some validity, the generic health 
worker mez} have a little knowledge in a wide 
range cf areas but often not enough to make real 
impact. The challenge for medical staff in 
community child health is to ensure that they 
develop methods of rigorous evaluation, quality 
assurance, and peer review to improve the 
status and quality of community based child 
health. 

The chalenge for hospital and community 
based child àealth services is improved integra- 
tion. While the high and rigorous standards of 
paediatric teaching centres should move into the 
community, there is room for some community 
child health ‘in-reach’ into the teaching centres 
as the practical, feet on the ground approach of 
community based doctors to the problems of 
children and their families living in the real 
world aas much to teach those working in 
hospitais. 


Child hzalth education 
In Australia the primary care of children 1s 
provided by general practitioners. Most medical 
schools in Australia provide between nine and 
11 weeks of paediatric teaching and experience. 
Unless graduates obtain further paediatric train- 
ing they are |_kely to be poorly equipped to cope 
with the ranze of children’s health problems. 
On the other hand, the steadily increasing 
number of paediatricians means that there is the 
potential for some paediatricians to set up in 
primary care practice rather than as consultants. 
As teaching hospitals are the repository for 
much o? the paediatric expertise, the question 
has to be asked as to why teaching hospitals stili 
see children sent in with problems such as 
undiagnosec meningitis and poorly treated 
asthma. To te critical of the standard of child 
health care in general practice when it is the 
responsiblity af those with the expertise to 
ensure that standards of continuing education 
are high and widely avaliable in a realistic and 
attractive war, smacks of hypocrisy. However, 
the provision f continuing education is difficult 
in times of financial stringency when hospitals 
are struggling just to provide an adequate level 
of patient cace. It also raises the problem of 
training versus service. What is the obligation of 
children’s hespitals to provide teaching and 
training to those working in the community and 
to their hous2 staff when house staff have to 
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cope with a busy load and when health adminis- 
trators may feel that house staff are employed 
primarily to look after patients? Even though 
there are many programmes of formal and 
informal teaching, there is a discrepancy between 
the conditions emphasised (by the nature of the 
case load) in teaching hospital training and the 
sort of child health problems seen by a general 
practitioner or paediatrician working in the 
community or a country centre. While the 
general practitioner needs to be familiar with 
common paediatric conditions and to know 
which childhood problems need expert help, 
and while the paediatrician will need to be 
familiar with the full range of paediatric condi- 
tions, may need to be able to initiate ventilation 
of neonates and cope with paediatric emer- 
gencies, there will be considerable emphasis in 
the community on behavioural and develop- 
mental problems in childhood, something which 
the acute teaching hospital situation gives little 
opportunity for mastering. 

Although the general practitioner is the person 
best placed to provide primary paediatric care 
and while those with expertise in paediatrics 
have a responsibility to ensure that the general 
practioner’s level of training 1s adequate, the 
large number of paediatricians currently being 
trained means that consultant positions will not 
always be available, so that some may be 
tempted to move into primary paediatric care. 
The Workforce Committee of the Australian 
College of Paediatrics has shown that while 
there are approximately 600 paediatricians in 
Australia there are approximately 190 paediatric 
registrars in training, representing a potential 
increase of 30% in the total number of paediatri- 
cians. Workforce projections, taking into 
account the age of consultant paediatricians in 
Australia, show that we are currently training 
almost double the number of paediatricians 
required. One partial solution is to reduce the 
number of paediatric training positions and to 
increase the expertise of general practitioners, 
by increasing the number of house staff positions 
for those aiming for a career in general practice. 
However, the problem is compounded by 
neonatal intensive care service requirements 
where paediatric registrars are appointed to 
meet these service needs (a paediatrician in 
training could spend two of the six years 
training in neonatal intensive care) so that in 
recent years, the number of registrar positions 
has increased, with many registrars then going 
on to complete paediatric training. The challenge 
is to look at ways of having some aspects of 
neonatal intensive care performed by others, 
perhaps suitably trained nurses. 


A national child health policy 

Australia does not have a national child health 
policy. The challenge to develop one is a current 
task of the Child Health Committee of the 
National Health and Medical Research Council 
and the Australian Association of Paediatric 
Teaching Centres. As well as having value in 
clarifying thinking and coordinating efforts, the 
development of a national child health policy for 
children has considerable political value as, 
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once the major child health groups in the 
country agree on such a policy, political candi- 
dates and parties can be publicly asked how 
much they will support it. 

Preliminary work on a national child health 
policy has outlined these goals. 

(1) To develop access to adequate health 
services for all Australian children, regardless of 
their financial status or ethnic background, and 
in doing so, to identify disparity in health status 
between different community groups and work 
towards its correction. This is particulary 
relevant to the health of Aboriginal children 
where the perinatal and infant mortality rates 
are much higher than for non-Aboriginal 
children. 


(2) To reduce the frequency of preventable 
premature mortality (from accidents and 
suicide), to establish national child safety stan- 
dards, and support a national poisons informa- 
tion centre. 


(3) To reduce the impact of disability. This 
includes a reduction in the occurrence of new 
disability by preventative measures as well as a 
reduction of the impact of established disability 
by early recognition along with appropriate 
interventions that are maintained and evaluated. 
Such conditions include congenital abnormali- 
tes, prematurity, chronic illness, intellectual 
and physical disability as well as learning 
disorders. 

(4) To reduce the impact of vaccine prevent- 
able disease. 


(5) To reduce the impact of diseases that 
occur in adulthood but which have their origins 
or early manifestations in childhood and adole- 
scence. These include conditions associated 
with nutritional problems, diseases associated 
with alcohol and tobacco use, conditions asso- 
ciated with unprotected sexual activity, and 
those associated with poor cardiovascular fitness. 

(6) To enhance family and social functioning 
including adequate parenting, the health needs 
of foster children and children of divorce, the 
many different types of families and cultures in 
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Australian society, as well as health problems 
associated with poor housing, low income, 
unemployment, and social and educational 
disadvantage. 

These goals are a reminder that optimum child 
health is much broader than disease treatment 
and prevention. It means that as well as 
ensuring access to adequate standards of acute 
health care for all children, they should be 
adequately immunised, educated about the 
hazards of smoking, protected from abuse and 
neglect, have their learning difficulties 
addressed, and be protected from injury. Many 
of these priorities are clearly related to education 
and welfare, although they are an intregral part 
of promoting child health. 

A national child health strategy must also 
look at Australia’s relationship to Asia. For 
many years Asia was a place where Australian 
paediatricians travelling to Europe stopped while 
their plane was being refuelled. We are now 
developing a greater understanding of health 
care in the Asian region and realising that, as 
residents of this region, we should become more 
involved in training and education and in 
sharing knowledge and expertise. 

It is difficult to make predictions about 
challenges for child health in Australia far into 
the future. When looking back over the last 30 
years it becomes apparent that it would have 
been impossible to predict the amazing advances 
such as in diagnostic imaging and in molecular 
biology which have occurred throughout the 
world and in which Australia has shared. The 
only thing we can be sure about for the next 30 
years is that once again it will probably be 
impossible to predict the extent of the changes 
which will occur in paediatrics. However the 
need for accountability, rigorous evaluation, 
equity and access of health care to all children 
will remain whatever the technological 
advances. 


Many of the ideas in this paper are the results of helpful 
discussions held with Drs W Butt, D Jolly, B Neal, F Oberklard, 
and J Yu and Professors A el, L Landau, J Pearn, 
P Phelan, D Roberton, and G Vimpani 
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LETTERS TO 
THE EDITOR 





Chronic fatigue syncrome: a joint 
pzediatric-psychiatric epproach 


SIR,—Whue agreeing that physical, psy-to- 
logical, and social-factcrs -nust all be taken irto 
account in the managerrent of this comokx 
and controversial syncrone I would disazmee 
with Dr Margarer Vereker’s statement thac 10 
organic pathology can be detected to acccumt 
for any of the symptoms. This conclusion kas 
been made without re“erence to a number of 
research papers descviting persisting viral 
infection, neuronxiscufar abnormalities in toth 
stricture and furctior, and immune syscem 
dysfunction. 

ow et al using poLrerase chain reac in 
techniques, have been 1b-e to demons:rate the 
presence of enteroviral genome in muscle 
biopsies from a significant number of patients 
(53%) compared with controls (15%)? None 
of the healthy cortrol grap in this study 120 
evicence of viral partrckes in their muscb— 
this was only found ic those with calonic or 
breest malignancies Precsely what cytopath>- 
Icgical effect this intraceLular virus is hawirg 
within muscle remains open to deba. 
Hewever, Behan & al have published 2lecttcn 
microscopic evidence cf structural damage -0 
the muscle muitocaond-ia along with type H 
fibze atrophy’; ths 1s 3 finding whica 1s aot 
normally conside-ed w be consistent with 
simpe disuse. 

Equally, it is aow accepted that a lave 
number of common v-ral infectons (for 
example herpes, measles, numps, and entero- 
viruses) are all capable 3f 2ntering, persistiag, 
and mnuluplying -vithin -he central nerves 
sysiem, often witheut psocucing any detecta3.e¢ 
cytopathological camage. Their effect is on 
cell function rather then 3tructure, and they 
particularly affect acuretransmitter activity in 
artas such as the liumbiz system anc hype- 
thalamus 

Details of objeccive ceatral nervous systzra 
patanlogy have recently begun to emerge from 
research groups un botk tLe United K-ngdora 
and the United S ates. Buchwald et al heve 
produced evidence of immune dysfunction fa 
significantly uncreesed CL4/CD8 lymphocyte 
rauo), reactivation of human herpes virus type 
6, and structural CN3 abnormalities in a 
groJp of well over 200 patiznts.* The magneti: 
resonance imaging (MRI) oram scans r2vea_ed 
pucctate, subcortcal areas of high signezl 
intensity consisten witk ozdema or demyelr- 
ation in 78%. The authors of this multicenzre 
study concluded that th- catients were exper} 
enc.ng a chronic, immunologically mediated 
‘inflammatory process 12 the central nervas 
systera after a viral infecoen. Furthermore, in 
a personal commuricatier. Professor Anthoa7 
Komaroff, from Earvard, has stated -zhat h2 
believes that these [ARI staclies indicate central 
Nerrous svstem infAmoaton. 

Evidence of hypothalamic dysfunction bas 
coxe from both Dem track et al (lowered 
conceatrauons of blocd cortisol consistent 
with inadequate LypotheHmuic-pituitary axis 
stimulation), and Bakbeit et al (an upregu.a- 
tion cf hypothalamic SAT receptors using a 
buszirone challenge). 4s Zar as symptomato- 
logy is concerned these Btter findings maz 
well >æ significant mn view of the often marked 
disturbances in sleep pat ern, appetite, and 
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thermoregulation described in both adults and 
children with postviral fatigue syndrome. 

Orr behalf of the ME Association could 7 
also correct the author’s statement that we 
regard physical exercise as being ‘harmful’ and 
something that ‘must be avoided’. My own 
guidelines on the management of children 
state quite clearly that . . ‘A period of bed rest 
may well be beneficial in the early stages, but 
following this, rest and exercise need to be 
carefully balanced. On the one hand there 1s a 
very real danger that prolonged immobility 
will result ın further weakness, wasting and 
even contractures. On the other there is no 
doubt that when children do start to recover, 
there ıs a great temptation to start suddenly 
doing too much and precipitate relapse. If 
children learn to pace themselves, both 
physically and mentally, they should be able 
to build on progress, which in turn will have a 
very beneficial effect on self-confidence.” 

Unfortunately, the ME Association con- 
tinues to attract a great deal of misinformed 
criticism. Despite this we have established a 
research fund of nearly £250 000, persuaded 
the Department of Health to recognise post- 
viral fatigue syndrome (ME/CFS) as ‘a de- 
bilitaung and distressing condition’,® and 
vigorously exposed the quack remedies that 
many patients turn to when orthodox medicine 
rejects or trivialises their suffering. Although 
the author is clearly concerned about parents 
being ‘exposed’ to our views I would once 
again emphasise that we recognise that social 
and psychological factors may well play an 
important part in this syndrome, especially in 
children. 


CHARLES SHEPHERD 
ME Assocation, 

Friars Cottage Surgery, 
Queens Square 

Cha ord Hill 


Gloucester GL6 8EH 
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Cluucal measurements during ANP infusions 


Premfuston 
Day 1. 
Cental venous 
pressure (mm Hg) 8 
Bl pressure 
(mm Hg) 56 
Heart rate/min 178 
Pao, (kPa) 6 79 
Day 2: 
Centr venous 
pressure (mm Hg) 6 
Blood pressure 
(mm Hg) 
Heart rate/mun 175 
Pao, (kPa) 57 


oe fatigue syndrome. BMF 1992;304: 
7 Shepherd CB L Beer ME. London: 


emann Cedar, 1992:233-8. 
8 Dorrell § (Se S (Secretary of Sate for Health) House 
of Commons Debate 13.11.92 col 582W 
(Hansard) 


Atrial natriuretic peptide 


Sik,—Experimental data suggest that atrial 
natriuretic peptide (ANP) has pulmonary 
vasodilator activity. -? We postulated that 
ANP might have therapeutic potential in severe 
persistent pulmonary hypertension of the 
newborn (PPHN). 

A boy born at 41 weeks’ gestation developed 
severe PPHN in association with meconium 
aspiration and perinatal asphyxia. By 5 days of 
age the hypoxsemia was unresponsive to high 
dose intravenous prostacyclin (maximum 
infusion rate 40 ng/kg/mim) and aggressive 
conventional ventuation using an SLE 2000. 
The alveolar-—artersal oxygen difference was 
80 kPa (600 mm Hg), which is predictive of a 
poor outcome.* With parental consent, ANP 
(Shire Pharmaceuticals) was infused in incre- 
mental doses, each over 30 minutes, of 10, 20, 
40, 80, and 160 ng/ke/min and on the next day 
of 80, 160, and 320 ng/kg/min. Seral measure- 
ments were made of plasma ANP, urine cyclic 
guanosine monophosphate (cGMP), mean 
blood pressure, central venous pressure, heart 
rate, and arterial blood gases. 

Mean preinfusion serum ANP concentra- 
tions on the two days were 215 and 128 pg/ml; 
peak plasma ANP was 5929 and 7632 pg/ml. 
Preinfusion cGMP excretion rates of 0-4-1 
nmol/kg/hour increased to 4 nmol/kg/hour and 
remained raised for two hours. The table 
shows the clinical measurements preinfusion, 
at the end of the infusion, and at 40/45, 90, 
and 230/180 minutes after the end of the infu- 
sion. 

Blood pressure showed a clinically relevant 
fall after the end of the infusion on both days. 
Central venous pressure remained essentially 
unchanged. Preductal arterial oxygen tension 
(Pad) fell shghtly by the end of the infusion 
on day 1 but 90 minutes later had risen to 
17°26 kPa, then falling to 8-23 kPa by 230 
minutes. On the second day of infusion Pao, 
rose by 1-73 kPa during the infusion and 180 
minutes later remained 1:08 kPa above the 
preinfusion value. The baby survived to go 
home. 

There has been some experience of ANP 
infusion in adults but no previous report of 
ANP infusion in a neonate. Adnot et al 
reported a reduction ın pulmonary artery 
pressure after ANP infusion up to 100 ng/kg/ 
min in adults with pulmonary hypertension 
secondary to chronic obstructive lung disease.* 
In this group plasma ANP rose to around 3600 


End of Minutes after end of 
infusion infusion 
40 o0 230 
8 8 9 
40 48 59 
190 204 182 
6 23 7-9 17 26 8 23 
45 90 180 
6 5 7 
52 45 65 
187 170 170 
7°43 6 54 6 46 6°78 


While you're trying to make 
it better, make it bearable. 
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Glaxo 


Prescribiag Information Uses: Nause and vomiting dua to 
chemotherapy or e atan and postoperative nausea cnd vomiting 


Dosage. Emetogear hemo ee iohotherepy Esther, 8mg iv 


as a slow injection immediately before treatment, or 8mg orally | to 2 
hours before treatment, followed by 8mg ora ly twelve-hourly To protect 
agamnst delayed emesis, Zofran should be continued orally, 8mg twice 
daily for up to S days Highly emetogens chemotherapy Asingle dose of 
Bmg 1¥ cs a skew injection immediately before chemotherapy, followad 
by 8mg crally twe dady for up to 5 days to protect against delayed 
amesis “he efficacy of Zofran over the first 24 hours of highly 
emetogenic chemotherapy may be enhanced by the addition of a single 
iy dose of 20mg dexamethasone immediately Sefore treatment 
Alternahsaly, u doses of Zofran may 3¢ benef cal, up to 32mg 
depending on the seventy of the emetogenic challenge. Children Asmgle 
1Y dose cf Smg/m’ immediately before chemotherapy, followed by 4mg 
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Cancer patients have enough to cope wrh 
' without the nausea and vomiting coused 
by therapy Zofran, the 5-HT, receptor 
antagonist from Glaxo, allows you o 
control emesis without adding to tle 
problem of unpleasant side effects. 
Zofran is available in both oral a 
iv. presentations, and provides effective 
monotherapy in all treatment-indue-d 
nausea and vomiting, from radiothera y 
to cisplatin chemotherapy.”” 
: Yet, there 
extra-pyramidal 


is no evidence of 
reactions, litle 
risk of unwanted sedation’’ and 10 


reported drug interactions.’ 
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At a time when patients need all 


4 the help they can get, Zofran will h-lp 
sees make the treatment easier to bear 


ondansetren 


Taking the sickness out of cancer therapy 


impayment No alteration of dosage, dosing frequency or route of 
adminstration s required over 65 years or with renal impairment 
Potents with hepatr anporment in patents with moderate or severe 
hepatic impairment, a total daily dosage of 8mg should not be exceeded 
Postoperative nausea and vomiting For prevention in adults Either a 
sing a doss of 4mgiy as slow miection at induction, or 8mg orally | hour 
pnor to anaesthesia followed by two further 8mq doses at eight-hourly 
intetvals For treatment in adults A singla dose of 4mgiv as a slow 
injection There is ne experience in postoperative nausea and vomiting 
md Adren ond limited experience in the ea derly The role of ondansetron 
In O2Kte-nduced omests ıs not yet estabhshed Contro-indications. 

Hypasensitrvity to components Precautions Pregnancy or lactation 

Side effects Headache, constipation, a warm or flushing sensahon in 
the head or opigestrum Occasional transient mses in aminotrans- 
ferases Rare, immediate hypetsensitmaty reactions (see data sheet) 


in 2ml aqueous solution or 8mg ondansetron in 4m! aqueous soliton 
rou ea number 0004/0375, 4mg x 5 ampoules £52 50, 8ng x 
ules £75} Zofran 4mg Tablets ench contaming 4mg ondanseron 
i oduct licence mDNA ,4mg x 30 tablets £187 50), Zcran 
mg Tablets each containing 8mg ondansetron (Product licence nur ber 
0004/0377, 8mg x 10 bles £90) Product licence holder Gaxe 
pain UK Limited, Greenford, Middlesex UBS OHE Zofran s a 
axo trade mork Further information is avaiable on request fom 
Glaxo Laboratones Limited, Stockley Pork West, Uxbridge, Middl sex 
UBI IBT Tel 081-990 9444 
References. 
1 Priestmon T} Eur J Cancer Cha Oncol 1989, 25(Supp! ! 
529-533 2 Schmoll HJ £ur Concer Can Oncol 1989, 
25{Suppl 1) $35-539 3 Marty M Forj Concer Chn Oncol 
1989, 25(Supp! 1) 541-545 4 Smith RN Fur J Concer hn fed Suen 





~~ 


-Your complete survey of the field! 


-P w 
-- 


The European Journal of Pediatrics 
: publishes articles from all branches 
of pediatrics which meet its stan- 

. dards of excellence and authority. 

; It offers a rapid transition time from ` 


f 





acceptance to publication. 
a Coordinating Editor 
| J. Spranger, Mainz 
gd Numar 4 April 1992 
Vokme 151 Ku i Editors 
‘L.Corbeel, Leuven 
B. Steinmann, Zürich 
© Associate Editors 
5 | : H. Eichenwald, Dallas 
a | mB m A Greenough, London \ , 
5 6 E J. Schaub, Kiel : | 
£ l Sprirger Intemational = In cooperation with an 
Lie ce 4 ay fas ae ies La a š , + P Se 
a ei ‘international Editorial Board 
fi Sa ry 
: 4 Ao our library ~ 
: 3: anassettoy Jy Ta 1 
3 © write for a free sample COPY 
3 à: Write for a 
ae Ree: Seeger a ere Deen. Zotar a, Bia tocando 
ee ee > 
T Please bill me European Journal of Pediatrics 
C Please charge my crad zard ISSN 0340-6199 Title No 431 
mca O PI te bscription beginning with 1992 
= ease enter my su pti 
L] American Express Vol. 151 (12 issues) DM 1698,- (suggested list price) plus 
A Visa/Barclaycard, EenkAmenicard carnage charges‘ FRG DM 21,19, other countnes DM 40,20 
C- Diners Club O Please send me a free sample copy 
Number: 
Name / Address 
Sis cece ee eens 
Valid until: 
Date: Signature, 


Pease hand this order form to your l I ce! subser: within ten days by to th 
: Please note I realize that cancel su trons n ten e 
bookseller or re-urn to: address on the Brier whereby the date will suffice as proof the 
cancellation was aade withiti the deadime I confirm my understanding of this with 
guature 


Springer-Verlag Jousm2.s Marketing. 
Tiergartenstr. 17, W-»SCO Heidelberg, FEC my second m 





2nd Signature a a aa tm 20 527/A/1 


Archtoes of Disease m Childhood 1992; 67: 1411 


pg/ml (compared with 2556 and 2888 pg/ml 
after infusion at 80 ng/kg/mun ın the neonate 
reported here). The same workers found ANP 
infusion to attenuate the pulmonary response 
to hypoxia ın pigs | 

On the first day of mfusion the infant 
showed a slight fall ın Pao, at the end of the 
infusion followed, 90 munutes later, by an 
appreciable rise that lasted for approximately 
two hours. The mual fall might be explained 
by increased perfusion of poorly ventilated 
lung units’ but the late mse 18 difficult to 
explain, though the cGMP excretion rate did 
remain raised for two hours A dose dependent 
relaxation of pulmonary arteries, induced by 
ANP, has been shown ın bovine arterial rings’ 
but in our case ANP concentration returned to 
baseline by around 23 minutes 

In this infant high dose ANP infusion was 
relatively well tolerated. Although we do not 
clam that this child’s satisfactory outcome 
was related to treatment with ANP, we do 
believe that ANP should be added to the list of 
therapeutic options in the management of 
persistent pulmonary hypertension of the 
newborn that require further study 
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An indirect calorimetry system for ventilator 
dependent very low birthweight infants 


Sir,—While the need for measurement of 
energy expenditure and nutrient utilisation in 
sick ventilator dependent infants is undisputed, 
we have several reservations about the indirect 
calorimetry system described by Forsyth and 
Crighton.’ On p316 1s Vp the mspired or 
expired minute ventilation? The equations 
given appear to take these to be equal, even 
though this amounts to assuming that the 
respiratory quotient (RQ) 1s 1. If instead the 
inspired and expired volumes of inert gas, are 
assumed equal the oxygen consumption (Voz) 
can be found as 


F10,-~- FEO,— FI0z.FECo, 
| —~FED,—FECo; 

a similar expression exists for carbon dioxide 

production. When Fio,=0°4 the equations in 

the paper underestimate Vo, by 12% if RQ= 


07 and overestimate it by 8% if RQ=1°2; 
calculated values of RQ will be biased towards 


V02= Vimpired 


1,2 with true RQs of 0:7 and 1'2 being 
computed as 0°80 and 1-11 respectively. 

In the gas infusion studies reported in 
table 1 it is unclear how to assess the values 
calculated for Vo, when nitrogen is infused 
into the system This part of the study 
calculates Vo, as if the results were from a 
patient; the first equation on p318 then allows 
the calculated Vo, to be checked in terms of 
nitrogen flow rate and F109. If Vo; 1s calculated 
correctly then this check equation ts 

Wma. Fio; 
Vo,=—__—"——; 
1— F10, 
if the equations on p316 are used then this 
becomes: 
V inspired WN2 : FIO, 


Vo= =Wn, FIo2. 


Vinspurea t WN2 
For the nitrogen flow rates given in table 1 
(10°10, 14°10 ml/min) and Fro, 1s 0°40, the 
expected values of Vo, would be, from the 
first equation, 6°73, 9°40 ml/mm and from the 
approximate version of the second equation, 
4:04, 5-64 ml/min. From the results for the 
higher nitrogen flow rate ıt would appear that 
the second equation has been used (as would 
be consistent with the earlier part of the paper) 
but the agreement is poor at the lower flow 
rate. 

Finally, we were disappomted that gas 
infusion studies were performed using only 
one ventilator setting. Increasing the inspired 
oxygen concentration (while keeping Voz 
constant) causes a reduction in the inspired— 
expired oxygen difference (F10,—F 02) Thus 
as F102— FEO, decreases, the error sensitivity 
in the measurement of Vo, is magnified.’ It 1s 
not uncommon for sick ventilated infants to 
need Fio, up to 1°00. The errors in the 
measurement of energy expenditure at high 
oxygen concentrations will be markedly 
increased and this must be acknowledged 
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Dr Forsyth comments: 

Although the general principles of mdurect 
calorimetry may apply to all systems and 
subjects, there are some features which require 
specific consideration depending upon the 
nature of the system and the size of the subject 
being studied. In our system for ventilated low 
birthweight infants,’ there are at least two 
important aspects which differ from adult 
systems, first the effect of changes in RQ on 
expiratory flow volume (VE) and second, the 
validity of excluding Fico, from the calon- 
metry calculations. 

Adult calormetry systems commonly use an 
inspiratory flow volume (V1) in the region of 
40 l/min, and for a 70 kg individual with an 
oxygen consumption (Vo,) of 320 ml/min and 
RQ of 0-7, the difference between VI and VE 
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will be 96 mi (0-24% of V1) In our system V1 
1s 6 l/min (inspiratory flow from the ventilator), 
and for a 1500 g ventilated infant with a Vo; of 
9 ml/min and RQ of 0°7, the difference 
between Vi and VE 1s 2:7 mi, that ıs 0 045% of 
Vi In order to correct for this difference, Drs 
Matthews and Matthews offer a formula based 
on adult data,? and which involves the values 
of four different measurements Not only 1s 
there a risk that the overall error of these 
measurements may exceed the error induced 
by the difference ın the Vi and VE flow 
volumes but their equation ts not valid for our 
system If itis applied to the 1500 g infant, the 
‘corrected’ Vo, will be 7:79 ml/min compared 
with the actual Vo, of 9 0 ml/min (an under- 
estimate of 13 3%). This underestimate is 
constant, and not limited to the margins of 
RQ. Using our simpler equation the calculated 
Vo, at RQ 0°7 ıs 7°9 ml/min (underestimate 
12%), but this error reduces to 0% as the RQ 
approaches 1:0. The large persistent error 
with the Matthews’ equation 1s due to the 
omussion of Fico. In adults this 1s usually less 
than 1% of Feco, and commonly ignored, but 
for a low birthweight infant ın our system the 
Fico, can account for up to 22% of FECO). 
The formula should therefore be corrected to 


Fio,—FEO,— F10;. FECO;+ FEO} FICO? 
I—F R0,— FECO, 
A simpler and potentially more accurat: 
adjustment is the traditional Haldane correc- 
tion, VI=VE.FEN.2/FIN>2, and as our system i 
continually measuring inspiratory and expire- 
tory nitrogen this can be easily accommodatec. 
During the nitrogen infusion study the 
mean F10, was 0-421 and VE 5-257 l/min. By 
using the measured values for VE, F102, and 
Fo, the predicted WN, were compared with 
the actual WN, and using our last equation 
the actual oxygen consumption as opposed 
the simulated Vo, was confirmed to be zere 
The Vo, data reported with the nitrogen 
infusions were calculated as for an infant stucy 
using the described software calculations ard 
were included, albeit with the I:mitanons .8 
discussed above, to relate the infusion data o 
actual levels of Vo, which are seen in lcw 
birthweight infants. Unfortunately we dd 
transcribe the wrong data point for the Vo, fr 
the nitrogen infusion of 10-1 ml/min and tkis 
should have been 4 20 (0-22) ml/min. We ace 
grateful for this being drawn to our attention. 
Although we will shortly be providiag 
clinical and technical data on the use of cur 
system with higher levels of F102, it 1s aur 
experience that in the present surfactant era 
considerably fewer babies are requiring a very 
high F 10, for a long pernod of time. We realse 
that some babies do require an FIO, as high-as 
1-0, but we believe that for those babies thr re 
are more urgent prionties than a measurement 
of energy expenditure. 


Vo= V; 
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Imposed upper airway obstruction and 
covert video surveillance 


SIR;—Covert video surveillance (CVS) mar be 
extremely useful and 13 often the only metaod 
to prove that some cases of apparent life 
threatening events (ALTE) are caused by 
imposed upper airway obstruction. Samaels 


1412 


et ci, recently reported 14 cases which they 
doccmented in this mzaner.! 

Within a period of sıx months we have seen 
three babies with ALTE from three umrelsted 
fernilies. All three had teen discovered limo, 
cyénotic. and apparently hfeless during their 
afternoon nap. Petechial haemorrhages we-e 
fcund on the face and necE of two of tha bakes 
on admission. No other episodes occured 
during observation in hospital or the fcllow-up 
penod. 

These would probaby have remared 
ucexplained unrelated ceses were it rot thet 
when the third case was brought to ibe 
casualty department by tte family doztor h= 
was accompanied by the oabysitter wio had 
discovered the baby. She was recognised >” 
one of the nursing staff as £ regular atteadera- 
the casualty department vith minor wound: 
that were suspected of bemng caus2d by 
automutilation and she aad made sever 
allegations of being attacked or raped. 

In the ensuing discussioas it came to ligat 
that thas woman was the Labysitter wko hed 
also teen involved in the Erst two cases. Ske 
has since been investigated by the police. 
However, in spite of strong suspicicns of 
impesed upper airway obstruction cf tke 
babies by her, there has been insufficiert 
evicer.ce to bring her to trieL 

CVS as described by Saxthall et a? would 
have failed in these cases, because it 1s usualls 
only the parents or very clos2 relatives who arz 
allowei to be contmually present with th: 
baby in hospital. Very thorough history taking 
especially concerning the surrounding circum- 
stances remains extremely important ic 
urveslizating every case of ALTE especielly © 
imposed upper airway obstrution is suspected. 
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Anal abnormalities in childiood myotonic 
dystrophy 


SIR,—L23e paper by Reardoa and colleagues 
on atnccmal anal signs seen im myotcnic 
dystropby ıs worrving on sevezal counts.’ The 
physical xgns are described inadequately winch 
makes interpretation of the paper difficult. 
The Royal College of Physiciars report,’ while 
referenced, is not heeded in the need for a 
consents 15 on definition and method of exam- 
ination. Thus ‘a reflex dilatior of the anus was 
observed on parting the buttxcks’. How was 
the child szamined, for how larg, and was tus 
a dynamic sign and what degree of dilaton 
was observed? It 1s notewortk™ that only cne 
child in six was said to demonstrate this sign 
but all nad anal laxity. 

The dustration shows a cegree of anal 
laxity we have never seen, 13 this laxity or 
dilations Was this degree of gaping achieved 
on merely parting the buttocks: Was the ch-ld 
constipated and demonstrating the ‘visitly 
relaxed anus’ of Clayden” Tks child was 15 


years old and had had a lifetime of soiling, 
what had earlier examinations revealed and to 
what treatments and manoeuvres had she been 
subjected? 

Single physical signs are rarely diagnostic 
and in making a diagnosis of child sexual 
abuse the jigsaw must be carefully constructed.* 
To begin an investigation on the basis of a 
child with a known bowel dysfunction and 
anal laxity is clearly problematic but in the 
context of a girl who 1s alleging abuse it is, in 
child protection terms, quite proper. Advice 
to doctors stated ‘It 1s important to take what 
the child says very seriously, and to spend 
ume listening to what the child has to say ”° It 
is also evident that children with special needs 
are at risk of abuse and to recognise abuse 
in children with communication problems 
requires particular skill. Children do need 
protection from the trauma of wrongful diag- 
nosis but similarly physicians have untl 
recently failed their patients by their inability 
to recognise maltreatment 

Finally, what proportion of children with 
myotonic dystrophy have bowel disorders or 
an abnormal anus on examination? What pro- 
portion have no abnormality? The association 
of two conditions does occur. 
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Drs Reardon, Hughes, and Green and Professor 
Harper comment: 

The comments of Drs Wynne and Hobbs 
reflect the difficulties with which clinicians are 
obliged to grapple in attempting to confirm or 
refute a suspected diagnosis of child sexual 
abuse. Foremost among these is the non- 
specificity of single clinical signs. However, in 
many instances, abnormalities of anal physio- 
logy do contribute significantly to decisions 
with far reaching effects for patients and 
families. It is precisely because we absolutely 
agree with Drs Wynne and Hobbs that 
‘children need protection from the trauma of 
wrongful diagnosis’ and because of the central 
role which anal abnormalities and interpreta- 
tion thereof often has in reaching diagnoses of 
sexual abuse that we felt prompted to submit 
our report. 

The report did not pretend to be a scientific 
treatise of anal sphincter dysfunction in myo- 
tonic dystrophy Our hope in sharing these 
non-specific clinical observations is to make 
colleagues aware of added potential pitfalls 
which attend the diagnosis of child sexual 
abuse in myotonic dystrophy. We feel that 
shared clinical experiences such as ours are of 
value to clinicians in avoiding inappropriate 
diagnoses of child sexual abuse. 
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Prostacyclin concentrations in haemolytic 
uraemic syndrome after acute shigellosis 


Sm,——Although the epidemiology of certain 
forms of the haemolyne uraemic syndrome 
(HUS) has become clearer in recent times, 
pathogenic details remain largely unresolved. 
The role, if any, of prostacyclin (PGI2) in the 
diarrhoea-associated forms of HUS (D+HUS) 
cannot be deduced from previous reports and 
the study by Alam et al on patients with shigella 
induced HUS adds to the confusion.! In the 
following we acknowledge, however, that mm 
past European and American studies the 
aetiology of D+HUS is likely to be verocyto- 
toxin producing Eschenchia coh, which 
although similar 1s not homologous with 
shigella induced HUS. 

Prostacyclin is probably not a circulating 
hormone in man: its plasma half life is bnef 
and intact molecules cannot be measured 
directly in clinical practice. Thus the term 
‘prostacyclin concentration’ is at best an 
extrapolation. Two main approaches have 
been used to identify abnormalities of PGI2 
metabolism in disease states. The more direct 
of these is to measure stable degradation 
products such as 6-keto PGF-1a in biological 
fluids. The commonly used radioimmunoassay 
kits give plasma estimates which exceed those 
of the more specific gas chromatography and 
mass spectrometry. Blood sampling ım itself 
induces artifacts, and although the urmary 
excreuon of degradation products may be 
more consistent in health, this is unlikely to be 
a reliable method when renal function 1s 
rapidly changing. Both Stuart et af and Turi 
et al found plasma concentrations of prosta- 
cyclin metabolite to be increased in D+HUS 
at onset. 

The second approach has been to determine 
whether plasma or serum stimulates generation 
of prostacyclin by endothelial tissue in vitro. 
Prostacyclin release mto the supernatant 
medium ıs measured indirectly either by 
bioassay or as 6-keto PGF-la. Published 
results are conflicting; Schlegel et al and 
Levin? found that prostacyclin generation was 
promoted by plasma, whereas Turi et aÊ and 
Siegler et a showed reduced production. 
Methodological differences may explain these 
inconsistent findings, but abnormalities of 
plasma stimulating factors or inhibitors have 
in any case not been shown to reflect distur- 
bances of prostacyclin metabolism in vivo. 

Unfortunately Alam et al did not make clear 
which method they used. The result section 
and abstract refer to plasma concentrations of 
6-keto PGF-la suggesting direct measure- 
ment. However, their method refers to radio- 
immunoassay for ‘prostacyclin’, but also to 
generation of 6-keto PGF-la by rabbit aoruc 
rings in response to patients’ plasma. 
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Interleukin-la and soluble interleukin-2 
receptor in atopic dermatitis 


Sm,—Dr Agata and colleagues reported 
enhanced interleukin-2 (IL-2) activity in blood 
mononuclear cells from patients with food 
sensitive atopic dermatitis following allergen 
exposure.’ Soluble interleukin-2 receptor 
(sIL-2R) is an indirect marker of T cell 
activation by IL-2 and raised concentrations 
‘have previously been described in adults with 
atopic dermatitis. However, ın vitro studies 
suggest that IL-2 secretion by T helper cells 1s 
not only antigen driven but it is also dependent 
on uoterleukin-1 (IL-1) expresston by cells of 
the macrophage/monocyte series; IL-1 also 
upregulates the expression of high affinity 
receptors for IL-2 on T helper cells type 1.° In 
order to investigate this hypothesis, we 
measured IL-la and sIL-2R using an ELISA 
technique. Twenty three children were 
assessed: 11 with atopic dermautis and 12 
non-atopic normal controls. The results are 
shown 1n the table. 


Controls  Aloprc Unpatred t 
dermants p value 
Mean age (years) 92 8°6 NS 
Range 4-i4 4-16 
IL-lo (gml) 163 369 p<0 02 
95% CI 5610269 232 to 505 
sIL-2R (U/ml) 189 377 p<0°02 
95% CI 75 to 301 262 to 492 


Cl =confidence unterval. 


There was a strong direct correlation between 
IL-la and sIL-2R (r=0°67, p<0-001) which 
suggests that expression of the two are depen- 
dent. While no apparent relationship existed 
between either cytokine concentration and 
disease severity using the criteria of Rajka and 
Langeland‘ or IgE concentrations, our results 
demonstrate that there 1s enhanced endogenous 
secretion of [L-la, and increased stimulation 
of IL-2 receptors, in children with atopic 
dermatitis These findings suggest that these 
cytokines may contribute to the inflammatory 
process in atopic dermatitis and are consistent 
with the observations of Dr Agata and col- 
leagues. 
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Hopia for Stck Children, 


eat Ormond Street, 
London WCIN 37H 


1 Agata H, Kondo N, Fukutom: O, Shinoda S, 
Oru T Interlukin-2 production of lymphoctes 
in food sensitive atopic dermatitis Arch Dis 
Child 1992,67:2804. 

2 Colver GB, Symons JA, Duff GW. Soluble 
interleukin-2 receptor in atopic eczema. BMF 
19895298: 1426-3. 

3 Male D, Champion B, Cooke A, Owen M 
Anbgen presentation to F cells. Advanced 


immunology London: Gower Medical Publish- 
eG Larrea T. Grading of the ty of 

4 Ra ; ; go severi 
atopic dermattıs Acta Derm Venereol (Stockh) 
1989514 (suppl) 13-4 


Pulse oximetry reference values at high 
altitude 


Srr,—-Lozano et al in their article on pulse 
oximetry reference values at high altitude 
conclude that their reference values could be 
used for the interpretation of oxygen saturation 
at high altitude in Bogota and other cities at a 
similar altitude.! However, the authors have 
failed to take into account potential sources of 
error. 

The fall in arterial oxygen saturation at 
altitude is due to the fall in barometric 
pressure rather than the gain in alutude per se. 
There is a corresponding fall ın atmospheric 
oxygen tension (Poz) with fall in barometric 
pressure (at 2000 m atmospheric Po,=124°9 
mm Hg (16°6 kPa) and at 3000 m Po,=110-2 
mm Hg (14-7 kPa)”) such that the author’s 
proposed reference ranges are not sustable 
for use at altitudes other than that of Bogota 
(2640 m) as even small changes in altitude will 
alter the availability of atmospheric oxygen 
and the arterial oxygen saturation 

Furthermore, at a given alutude the baro- 
metric pressure changes with local variations 
in weather and to a greater extent with the 
season such that in mid-summer the barometric 
pressure may be 11 mm Hg (1°47 kPa) higher 
than in winter.? Moreover, there is an equa- 
tonal bulge in the atmosphere such that the 
barometric pressure at a given altitude near 
the equator ıs higher than at the same alntude 
nearer the poles by 17 mm Hg (2:27 kPa) * 
These pressure variations will affect the partial 
pressure of oxygen m the atmosphere. 
Although of little significance at sea level 
pressures, these changes in atmospheric Po, 
in the already ‘desaturated’ infant at altitude 
may significantly affect arterial saturation 

Taking these observations into account the 
authors may find that there are both seasonal 
and latitudinal variations in arterial oxygen 
saturation along with the changes in barometric 
pressure such that therr proposed reference 
ranges should be intrepreted with caution im 
summer and probably not used at all at 
latitudes or altitudes distant from Bogota. 

Before recognition of these changes in 
barometric pressure with season and latitude 
the ascent of Everest. (8848 m) without supple- 
mentary oxygen was thought impossible. In 
1978 Messner and Habeler proved the physio- 


logists wrong.° 


AJ POLLARD 
The Children’s Hospual, 
Ladywood Middleway, 


Bireungham B16 BET 


| Lozano JM, Duque OR, Buitrago T, Behaine S. 
Pulse reference values at high altitude 
Arch Dis Child 1992,67:299-301. 

2 International Cival Aviation Organisavon. Inter- 
national Cro Aviation Organisation manual o 
the ICAO standard atmosphere 2nd 
Montreal, Quebec’ Internanonal Civil Aviation 
Organisation, 1964 

3 Brunt D Phyncal and dynamical meterology 2nd 
oe Cambndge University Press, 

4 West JB, Lahin S, Maret KH, Peters RM, Pizzo 
Cj c pressure at extreme altitudes on 
Mt Everest: foo significance Journal 
of Appled Phy Respiratory, Enorron- 

and Exercise Phystolagy 1983;54:1188. 

5 Messner R Everest. expedition to the ultimate 

London. Kaye and Ward, 1979. 
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Randomised trial of nutrition for preterm 
infants after discharge 


Sir, —Thus interesting study draws attention 
to a possible need for preterm infants to be fed 
a slightly higher protein, mineral, and energy- 
containing milk in the first nine months after 
birth.! However, the authors include detailed 
tables on feed tolerance, stool number, size 
and consistency, and skinfold thickness (which 
show no significant differences between diet 
groups) yet choose not to present any data on 
growth of weight, length, and head circumfer- 


. ence on which they base their conclusions of a 


possible advantage for this specially designed 
formula. It is not enough to say that differences 
are apparent on visual inspection of the charts. 
In fact, looking at these it seems to me that if 
there are any differences at all they take place 
for length and head circumference only in the 
first few weeks: after this the curves virtually 
parallel each other. Weight does fall off in 
those fed the standard infant formula but only 
between about 6 and 18 weeks. Growth data 
have been meticulously collected and the 
statistical methods explained ın detail bur 
without giving information, on velocity or 
incremental growth, ıt 1s difficult to evaluate 
the findings of the study. 


D P DAVIE: 


Department of Child Health. 
Unroersity of Wales 


Cardiff CF4 4X 


1 Lucas A, Bishop NJ, King FJ, Cole T. 
Randomised trial of nutriton for preterm 
ra after discharge Arch Dis Child 199236" : 
324-7. 


Drs Lucas, Bishop, and Cole comment: 

Professor Davies seeks further information œ 
growth in our study on postdischarge nutrition. 
The growth data collected at two weekly inte- 
vals are shown in our paper graphically 
(tabulation would have been cumbersome ard 
the graphic data show centile placing). Given 
the small sample size, as expected, relativey 
few individual two week measurements show-d 
a significant difference between groups. 
Nevertheless, in view of the consistendy 
increased weight, length, and head circumfcr- 
ence at every two week period up to 9 montLs’ 
corrected age in the infants fed the forufted 
diet, we explored whether the overall growth 
trajectory was different between groups. Taus 
is a staustically robust procedure as, unl=xe 
the ¢ test comparisons of individual tvo 
weekly data pomts, we were taking the entre 
growth data set for each diet group irto 
account. As growth trajectory 18 not linear, 
but curvilinear, growth velocity was calcula ed 
from a quadratic fit of the data. The significant 
differences we reported in length and weizht 
gains between feed groups would be difficult 
to describe numerically, short of presentng 
equations for the quadratic curves, and we 
elected not to. We emphasise, however, that 
our statistical analyses confirm a clear advan- 
tage in weight and length gain (p<0-005 :nd 
p<0°01 respectively) for ınfants fed the fæti- 
fied formula. The difference between groaps 
in rate of head growth did not achfeve 
significance, because the early divergence 
between groups tended to diminish later inthe 
study period. Nevertheless, the head growth 
issue needs further exploration especially ın 
view of our unpublished analyses that shaw a 
trend towards higher gross motor developr ent 
scores at 9 months ın infants fed the fortcied 
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diet; but many moe subjects would be requ_red 
to test these aspec adequately. 

We should be very happy to discuss pur 
g-owth data ıt greater depth with mdivicual 
investigators. 


Growth patterns =fter surgery for virilismg 
adrenocortical adenoma 


SIR, —We agree with the nocion of Salt et alin 
their article on growth patterns after surgery 
for “umlising adreaocorucal adenomas tkat 
more informatian -s needed on the aatuzal 
histo-7 of growth axd pubertal developrient in 
these children.’ We therefore have recently 
pubushed observations on growth in .0 
children aged 0°8 to = 1-8 years with hormonally 
acLve adrenocortical tumours (nine cercin>- 
mas, cne adenoma) before and after surgery 
(excess of androgen: 10/10, cf glucocortucoids 
5/10, af estrogens L10).? In addition, five ef 
10 pauents had a pe pable akdomuinal tumour 
at tne time of initial presentation. In oniy one 
pateat increased Iengitudinal growth alore 
had initiated the diagnostic workup. 

Only two of our petients had a preoperativ= 
height SD score >+2. In pne patient, an 
increase in height SI! score above baseline was 
noted simultanecus with the first signs of 
precocious sexual maturation. However, ir 
five of seven patient= followed up postopera- 
tively, in whom removal of the tumour 
controlled symp-zor= of hcrmone encess 
height 3D score roeg y declined after surgery. 
We tok this as eadence for catch-down 
growta, comparable with that in patients with 
congen.tal adrens! I-sperplasia and delayed 
mitiaticn of treatment * Although Salt st af 
stete toat no catch-down growth had occurred. 
in their patients,’ at least im five of them a 
period of rapid growth was followed by 
normalisation of growth velocity and a trend 
for the 5one age tc come back in line witt the 
chrorclogical age, sinclar to our patients The 
fact tia: in most of th2ir patients final height 
SD scce was higher man height SD score at 
the time of diagnosis 1s no evidence against 
postoperative catch-dewn growth, as at -hat 
time the :najonty of patients were of an age at 
which most children may not have shifted yet 
to the d=finitive cent. range that they tend 
to follow Zor the remauscler of their growth. 


Finally, the course of the two patients 
described by Salt et al who had androgen and 
glucocorticoid excess agrees with our observa- 
tion that in instances where high concentra- 
tions of both hormones affect the growing 
bone simultaneously, the androgen effect on 
linear growth and bone maturation appears to 
dominate. This is different from normal 
puberty, where hypercortisolism can inhibit 
longitudinal growth in the presence of physio- 
logical concentrations of gonadal steroids.‘ 


B P HAUFFA 


Unroversity of Essen, 
Hufevandstrasse 55, 

4300 Essen 1, 

Federal Repubic of Germany 


l sa io, Savage MO, Grant DB Growth patterns 
surgery for vinlising adrenocorncal 

e Arck Dis Child 1992,67:234-6 
2 Hauffa BP, Roll C, Muhlenberg R, Havers W. 
Growth m children with adrenocortical tumors 

Kin Padiatr 1991,203:83-7 

3 Hunziker U, Largo R, Zachmann M, Prader A. 
Compensatory maturational deceleration of 
growth or ‘catch-down growth’ in patients with 
congenital adrenal hyperplasia after delayed 
est cen of therapy. Eur F Pediatr 1986;144: 
4 Stockland AL, Underwood LE, Voima SJ, 
French FS, Van Wuk JJ. Growth retardation 
ran syndrome Am f Dis Child 1972; 


Terbutaline sulphate Turbuhaler in severe 
acute asthma 


SIR,—Pedersen et al have shown the efficacy 
of 0°25 mg of terbutaline administered by 
Turbuhaler (Astra) in acute asthma.’ We 
simulariy treated 20 patients with a mean age of 
39 years (range 5-15) who had acute asthma 
and severe airway flow limitation.? They were 
-aking prophylactic drugs (inhaled nedocromil 
sodium and/or budesonide) and inhaled fz 
agonists before coming to our unit. 

Spirometry (Vitalograph) was performed 
(best out of three) at 0, 30, and 60 minutes 
before each dose of terbutaline and again at 
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Results of sptrometry 

Time (min) 

0 30 60 90 
FVC 66°4 89-2 96 8 102-7 
FEV, 502 724 823 87-8 
PEFR 50 0 70-3 Ted 86 0 
FEF isa zs 325 S63 676 Ia 


FVC=forced vital porch ty, FEV,=force expiratory 
volume aoe one seco =peak expiratory flow 
rate, s= force expiratory flow between 
55% and a the forced vital Capacity 


90 minutes. The patients inhaled 2:5 mg of 
terbutaline sulphate (five doses of 0-5 mg/ 
2 minutes), followed by a further 2:5 mg and 
1 mg (two doses of 0°5 mg/2 minutes) at 0, 30, 
and 60 minutes. The results, as a percentage 
of predicted values, are shown in the table. 
One way analysis of variance of repeated 
measures and adjacent difference contrasts for 
pairs showed significant differences (p<0-05) 
between pairs for all but the 60-90 minute pair 
for FEF 254 75. 

In two cases, despite clinical improvement, 
there were no umportant changes in spirometry 
even after the administration of 0°5 mg 
nebulised salbutamol. 

Clinically, all patients achieved a normal 
breathing pattern between the first and third 
dose without side effects. 

In conclusion, the Turbuhaler seems to be 
effective in severe acute asthma. 


Hospital Materno-Infannl 
4 Netra eh A Arae, 
"20080 San Sebasnan’ 
Spam 


1 Pedersen S, Hansen OR, Fu G. Influence 
of Se flow rate upo effect of a 
bulialee: Arch Dis Child 1990;65:308_10 
2 Adenan Thoracic Society Standards for the 
diagnosis and care of patients with chronic 
obstructive onary disease (COPD) and 
asthma Am ev Resp Dis 1987;136:225-43, 
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Child Psychiatry and the Law. 2nd Ed. 
Edited by Dora Black, Stephen Wolkind, and 
Jean Harris Hendricks. (Pp 200, £10 paper- 
back.) The Royal College af Psychiatrists, 
1991. ISBN 0-902241-41-9. 


Child Psychiatry and the Law ts a disnilation 
of theory and practice that will carry the new or 
experienced practitioner through the mgours 
of report writing or presentation in court with 
confidence. This excellent second edition has 
followed hard on the heels of the Children Act 
which came into force in October 1991, and 
which is affecting the practice of all those who 
work with children and their families. 

There has been a thorough revision of the 
text encompassing not only changes and 
debate ansing from the Children Act but also 
from other new legislation, from case law, 
clinical practice, and research. There is a 
welcome increase in the discussion of inter- 
national, transracial, and transcultural issues. 

The book is divided into two sections. 
Section | gives general advice on report 
preparation and on attendance in court, 
followed by chapters on specific areas, for 
example, juvenile justice. It is an excellent 
‘how to...’ guide, giving advice from the 
most sophisticated to the most mundane, with 
useful checklists at the end of most chapters 
and cross references betwetn chapters. The 
chapter on children and the law is rather 
disappointing. The prose is legalisnc, losing 
the sensitivity and clarity which characterises 
much of the text. Section two consists of 
examples of specimen reparts, which are all 
the more interesting for the inclusion of 
information on outcome. The updated refer- 
ence hst complements the careful discussion of 
the important issues to be considered im the 
preparation of reports, etc. There 1s also a 
useful glossary of terms at the end. 

However, the scope of Child Psychiatry and 
the Law goes beyond reports and court work. 
It explores the role of the child psychiatrist as 
a professtonal, independent from the judiciary, 
and social services. The emphasis is firmly on 
the child psychiatrist’s primary goal being the 
best unterest of the child, and it challenges the 
practitioner to make the most of opportunities 
to maximise his or her influence where possible, 

With its emphasis on good practice, the 
book is of value to all child psychiatrists, 
whether or not they practice in England and 
Wales. It will be of interest also for profes- 
sionals working with children and their families 
in the light of the new Children Act, and, for 
those requiring the services of a child psychia- 
trist, it grves an indication of what may be 
expected of them. 

The law 1s constantly evolving, through 
legislation, through interpretation by the 
courts, and through practice At the time of 
writing this review, there 1s further controversy 
over the issue of consent by minors following 
the Court of Appeals judgment Re J (the 
anorexic teenager), In the autumn of this year 
there will be a new Criminal Justice Act which 
will lead to further changes, especially in the 
field of abuse work. Child Psychiatry and the 
Law will require regular revision, but this 
second edition is a timely aid for professionals 


coping with the complex world of the child in 
our society now, and sets the standard to 
which we should all aspire. 


ALISON WESTMAN 
Senior registrar in child and adolescent psychiatry 


Effective Care of the Newborn Infant. 
Edited by John C Sinclair and Michael B 
Bracken. (Pp 650; £95 hardback ) Oxford 
University Press, 1992. ISBN 0-19-261737-0. 


Effectrve Care in Pregnancy and Childbirth was 
published in two volumes in 1989 and was 
immediately recognised as a major work of 
reference of considerable importance. Indeed, 
the Department of Health was so impressed 
by it, they sent a free copy to every obstetric 
urut ın the country which, at £225 for the set, 
was really quite generous of them. 

Effective Care of the Newborn Infant is the 
neonatal companion to this obstetric book and 
is an equally outstanding publication. Every 
neonatal unit should have a copy but don’t rush 
out and buy ıt just yet for, who knows, the 
Department of Health may do for paediatrics 
what they’ve done for obstetrics and send us 
all a free copy! At only £95 ıt ıs cheap at the 
price In fact, you do need all three volumes to 
cover the whole of neonatology. 

Effectrve Care of the Newborn Infant \s not a 
standard textbook of neonatal paediatrics, it 1s 
primarily a book on treatment and is based 
opon the statistical technique of meta-analysis. 
The authors have reviewed all the randomised 
trails on neonatal care that they could find in 
the literature and have carried out some 2000 
new analyses of them. From these analyses, 
overviews are presented and conclusions drawn 
as to what, on the present evidence, is the best 
treatment for any particular condition. The 
book ıs in three sections: methods, interven- 
tions, and diseases. There are 38 contributors, 
31 of them come from North America and, 
while neonatal practice over there 1s not the 
same as in Europe, in this case the differences 
don’t seem to matter because they have 
analysed the vast majority of the world litera- 
ture to produce their reviews, presenting the 
evidence for the reader to see for himself All 
the contributors have also used a standardised 
approach to review the evidence on their own 
topic. 

The first section, on methods, which 1s only 
15 pages long, describes the principles used in 
writing the book and explains how the pub- 
lished evidence has been assessed, and the 
statistical methods used to analyse the effects 
of the various treatments, and so produce the 
overviews. If, like me, you are not entirely 
clear what a meta-analysis is, ıt 1s fully 
explained in this section. The interventions 
that have been analysed in this way cover’ care 
in the delivery room and resuscitation, thermal 
environment, fluid therapy, various aspects of 
feeding, oxygen admunistration, and mechan- 
ical ventilation. There is also an interesting 
chapter analysing studies that have been done 
on ‘bonding’, and ‘attachment’. The diseases 
whose management has been reviewed include: 
birth asphyxia, patent ductus arteriosus, 
respiratory distress syndrome and other acute 
lung disorders, apnoeic attacks, blood dis- 
orders, jaundice, infections, necrotising 
enterocolitis, glucose homoeostasis, periven- 
tricular haemorrhage, and retinopathy of 
prematurity. 

Within each chapter there ts an introduction 
to the clinical problem but only sufficient to 
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provide a background to the various manage- 
ments that have been tried. These are then 
reviewed in some detail based on the meta- 
analyses of the literature. Each chapter ends 
with a short summary with implications for 
current practice and future research, and as 
might be expected, the list of references 1s 
extensive 

Neonatology is a rapidly developing specialty 
and the number of new publications on the 
subject each year must be enormous. It 1s 
inevitable therefore that a book of this nature 
will need to be regularly updated if it is to 
maintain its present status as a major reference 
work. 

As mentioned earlier, this is not a textbook 
of neonatology, for example there 1s nothing 1n 
it on malformations, but what it does tell you 
is the present consensus on how to manage a 
particular condition, and it will be invaluable 
to anyone drawing up his, or her, department’s 
protocols and management guidelines. It will 
certainly change many opinions on present 
practice and I suspect there are some personal 
practices that willfindnosupport Forexample, 
on sodium bicarbonate they say, ‘there is no 
evidence of any benefit, we do not recommend 
its use’ hurrah; it 1s also great for ending 
arguments on neonatal ward rounds. 


BRIAN SPEIDEL 
Consultan paediatrician 


The CaF Directory of Specific Conditions 
and Rare Syndromes in Children with their 
Family Support Networks. Edited br 
Christine Lavery, Harry Marsh, and Caro 
Youngs. Published by Contact a Family, 199] 

(AS loose leaf pages indexed in a ring binder. : 
ISBN 0-964-0703. £45 plus £3 postage 
Optional £10 per annum for two six monthl~ 
updates. (Contact a Family. 16 Strutto2 
Ground, London SW1P 2HP.) 


‘Like a bomb hitting’, is how parems 
remember the diagnosis of a disabling or fatl 
condition in their child. For the affected 
family the diagnosis of any one of a thousard 
rare syndromes can be the trigger for bewilder- 
ment, depression, and even anger. Contact a 
Famuly, that has done so much to put famuli-s 
in touch with sources of information ard 
emouonal support, has now produced a cata- 
logue of all the support groups available zo 
families. Anybody involved in the diagnosis of 
such a condition will need this directory clese 
to hand. 

Nearly 200 organisations and the umbrela 
organisations that act for the more frequent 
neurological, cardiac, and metabolic conditicns 
have been included. For each condition lised 
there 1s a page of background information aad 
a contact address or phone number. The 
specific society will usually be able to prov-de 
the family and their support team with more 
detailed advice about the condition and its 
management. The support association will 
often have more experience in the rare cordi- 
tions than those carers available locally. This 
partnership can complement the general prac- 
tuuioner and the general paediatrician. Conact 
with other families allows parents to skare 
therr thoughts and fears, and work through 
their grief, but each family must be allowed to 
dictate the pace at which they can cope vith 
this information. The directory should no be 
a substitute for sympathetic counselling on 


iclé 


our part. A -nedice! and genetic glossary 


togetaer with s ccoss referenced index will 
al’cw non-clinical xeaders to find their appro- 
priate entry. The c.rectory has been produced 
as a loose leaf l&r, Heal for photocopying 
ind-vidual entries (and Contact a Family 
approves of this). Updete sheets are planned 
every six months. I caud not think of any 
condition for whic= you would not be able to 
find help somewher in this directory. 

Tios directory eaphes:ses the need of the 
family to have a name for their child’s 
condition. Wh:ch orgemisation should we 
suggest for the chil with multiple problems, 
where investigations ace continuing or where 
no tnifying diagnosis can be made? If used 
lnap>rppriately the Cirectory mught invite 
parsons to ‘shop ar-urd among the support 
groups for their o-n Gegnosis. Perhaps it 
would be a compromise D ket families skim 
through the index znd ry <o find the best 
niche for them. We =ave na control over what 
the ind:vidual groupzwill b= saying to families. 
Small societies and melivicuals with rare 
conditions may give a very directive account 
based anly on thetr cwr exverniences. I under- 
stand that there i3 ar. inferma! vetting process 
of the organisations l-ted >» Contact a Famuly. 
References to tbe availability to prenatal 
diagnosis are likely t> go quickly out of date. 
It weuld be safer d ask famulies to seek 
specific advice, befo- sterting another preg- 
nancy. The £45 price does szem expensive, 
but it represents money well spent by every 
paedietric department and community assess- 
ment nit. 


IAN ELLIS 
Serr reg-serar m clinical genetics 


Protein Energy Malnutrition. By J C 
Waterlow. (Pp 407; £50 hardback.) Edward 
Arnold, 1992. ISBN 0~340-50127-8. 


This is a spendid book. Although entitled 
Protein Energy Malnutrition, ıt covers much 
more than might be suggested by the title and 
is the distillation of a lifetime spent m research 
and clinical involvement with nutrition. The 
book is not only a useful reference manual for 
those whose pratice includes children with 
kwashiorkor, marasmus or undernutrition 
(the problems embraced by the ttle), but 
provides a thought provoking read for those 
with no experience of childhood malnutrition 
but who are interested in nutritior“' physio- 
logy. Professor Waterlow’s exper . re with 
malnutrition must be almost without compari- 
son and he is as ready to question his own 
research hypotheses and experiences as those 
of others; the book frequently presents the 
author’s personal views ın a stimulating, 
undogmatic way. 

Early chapters discussed the physiology and 
pathology of protein energy malnutrition, 
changes ın body composition, changes in organ 
function and in metabolism, the role of free 
radical activity, and the pathogenesis of the 
oedema of kwashiorkor. After a practical 
chapter on management, the book continues 
with a wide ranging discussion of issues 
relevant to the prevention and prognosis in 
protein energy malnutntion, infant feeding, 
nutrition and infection (with A M Tomkins), 
and the effects of malnutrition on mental 
development (with S Grantham Macgregor). 
The chapter on the anthropometric assessment 
of nutritional status is a uniquely, clear 
description of the problems and pitfalls of the 
warious methods available for assessment and 
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is presented in a way comprehensible to non- 
Statisticians. 

This ıs the third book on protein energy 
malnutrition published by Edward Arnold; 
the second and third books are not later 
editions or updates of the first, but totally new 
books. Waterlow descnbes his book as a 
personal review which includes some accounts 
of the heated debates of the last two decades 
on the strategy and tactics for the prevention 
of protein energy malnutrition—debates in 
which he often featured as a major protagonist. 
The last chapter, on the prevention of mal- 
nutrition, highlights the issues behind these 
debates. It is sametimes stated that for all the 
research, nutritional science has done nothing 
to help the malnourished of the world. This is 
unfair. Nutritional research has provided 
guidance on the foods which should be used in 
the prevention and treatment of malnutrition, 
as well as guidance on the diagnosis of 
significant malnutrition, and had made 
advances in the management of malnourished 
individuals. Its failure is that it has been no 
more successful than other disciplines ın 
providing peace, economic development, 
stability, agricultural success, and population 
control. But nutritionists are the ones who 
have shown that it is not through medical or 
nutritional management, but through political, 
economic, and environmental measures that 
the massive problems created by malnutrition 
today will be solved. 

Let us hope that, when Edward Arnold 
publish their fourth book on protem energy 
malnutrition, the problems and debates on 
prevention will be history, Sadly I cannot 
believe this will be so. 


EMEPOSRITT 
Semor lecturer ın child health 
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Annotations 


The place of computed tomography and lumbar 
puncture in suspected bacterial meningitis 


Although the incidence of acute bacterial meningitis has not 
changed significantly over the last 40 years, the death rate 
had declined considerably,! presumably due to earlier 
diagnosis and advances in antibiotic treatment and paediatric 
intensive care. Between the years 1971 and 1986 the overall 
mortality from bacterial meningitis in children aged under 
13 years in the North East region of Scotland was only 1:8% 
compared with 11:9% for the period 1946-61.’ In England 
and Wales between 1985 and 1987 the case fatality rate for 
infants with bacterial meningitis 1-12 months of age (a high 
risk group) was only 5-4%.* As well as deaths in hospital, 
both these studies included cases of rapid death at home 
found to have meningitis at subsequent coroner’s postmortem 
examination. Similar low mortality rates have been reported 
from Sweden? and the United States.* The causes of death 
include septic shock, massive cerebral oedema, and brain 
coning. Agents such as corticosteroids’ and human mono- 
clonal IgM antibody to endotoxin® are currently being 
studied for their ability to prevent or reduce septic shock 
and will not be discussed further here. Might it be possible 
to reduce the mortality from cerebral oedema and brain 
coning? 


Risk of coning 

Raised intracranial pressure is the rule rather than the 
exception in children with acute bacterial meningitis. Minns 
et al studied 35 children and infants with pyogenic 
meningitis using a strain guage pressure transducer 
connected to the end of the spinal needle.” Pressures were 
measured at the time of the initial diagnostic lumbar 


puncture in all the children and a number also had. 


sequential measurements. Pressures were raised in 33 
children with a median pressure of 15 mm Hg, range 4-70 
mm Hg (mean upper normal limit of cerebrospinal fluid 
pressure was taken as 5-8 mm Hg for infants and 6°4 mm 
Hg for children). The initial pressures were usually higher 
than subsequent ones but pressures tended to vary through- 
out the illness. Cerebral perfusion pressures were calculated 
and in all but two children were acceptable (that is above 30 
mm Hg). These data were thought to reflect a Cushing 
response (that is a reflex rise in systemic arterial pressure in 
response to raised intracranial pressure) acting to maintain 
cerebral blood flow. The response to intravenous mannitol 
was assessed in 15 patients with raised pressure. In some 
patients the pressure took as long as 25 minutes to return to 
normal, while in others the response was much more 


dramatic. The authors thought there were a number of 
possible explanations for raised cerebrospinal fluid pressure 
in pyogenic meningitis including occlusion of arachnoid 
granulations, generalised inflammatory brain oedema, basal 
occlusion of the subarachnoid spaces with the development 
of hydrocephalus, major seizures, and inappropriate anti- 
diuretic hormone secretion. None of the children in this 
study died and there was no correlation between measurec 
pressure and neurological outcome, although the mediar. 
follow up was only 13 months. 

The overriding concern with raised intracranial pressure 
is the formation of pressure cones, which are a common 
postmortem finding in acute bacterial meningitis? and maz 
be the direct cause of death in as many as 30% of suca 
children.” Coning may occur with protrusion of the cere- 
bellar tonsils through the foramen magnum or the medizl 
temporal lobe structures through the tentorial opening. 
There is a tendency for tentorial herniation to precece 
foramen magnum herniation but either may occur alone. 
The early symptoms and signs of cerebral herniation are 
similar to those of uncomplicated meningitis but often hare 
a rapid onset and progression. There is progressive 
diminution in the level of consciousness, decorticate or 
decerebrate posturing, loss of doll’s eye responses, pupilla-y 
abnormalities, tonic seizures, and respiratory abnormalities 
ranging through hyperventilation, bradypnoea, and periodic 
breathing to respiratory arrest. Unilateral herniation of oae 
temporal lobe through the tentorial opening typically causes 
ipsilateral pupillary dilation and a contralateral hemipares:s. 
Symptoms and signs of coning occur in about 5% of cases of 
actue bacterial meningitis’? and may recover particularly if 
prompt treatment is directed at controlling the underlyng 
raised intracranial pressure with mannitol and pass-ve 
hyperventilation. 

Coning may occur in bacterial meningitis in the abserce 
of lumbar puncture. Slack studied 88 of the 90 deaths from 
meningococcal infection in England and Wales in 1978 end 
reported coning in six,'! one of whom had not had a lum>ar 
puncture but died after a convulsion, an event known. to 
increase intracranial pressure. However, the majority of 
meningitis patients who die as a result of a pressure cone do 
so within 24 hours of lumbar puncture. Some deteriorate 
immediately after the spinal fluid sampling but with many 
there is a delay of several hours suggesting that the amount 
of fluid removed may be less important than the continaed 
leak of cerebrospinal fluid through the dural tear into the 
epidural space. Avoidance of lumbar ‘puncture in chilcren 
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wi-h suspected —eningitis in whom there is clinical evidence 
of raised intracranial pressure or cerly coning would be 
expected to reduce -he death rate.. provided the lack of 
diagnostic accuracy (for example, tyre’of organism and its 
artisiotic sensitrvities) is not too high a price to pay. The 
question is how best to manage such 2ildren without resort 
to lumbar puncture. 


Other condition: 

In eddition there are a few chiktren with suspected 
meningitis and evidenze of raised intrecranial pressure who 
havesome other condition which mimics meningitis clinically 
end which must be diagnosed promp‘ly for optimal treat- 
ment. Posterior ossa tumours, acute 1ydrocephalus, cere- 
bral abscesses, =ubdural haematoma bleeding from an 
arteriovenous mzlformation, meningoenzephalitis, herpes 
simplex encephaitis, Reye’s syndrome, and intracerebral 
haemorrhage mar on occasions all present in a way that 
suggests acute becterial meningitis w-th raised intracranial 
pressure. Lumbe- puncture in many of these situations 
might be expected to cerry a serious risk o7 coning. To illus- 
trate this danger Richards and Towu-Aghantse described 
two patients whc presented with impaired consciousness 
and neck stiffness and who were thought to have meningi- 
tis.” Both had symptoms of pressure coning after lumbar 
puncture. Subsec.iently computed tomography showed a 
subdinral haematoane in one and a cerebellar haematoma in 
the other. Both p=tients subsquently dred. from what were 
poter.tially curable conditions. 


Computed tomography 

The Vancouver pr-speczive study of computed tomography 
in acute bacterial meningitis in childheod showed that the 
initie] scan obtain=d within 72 hours ater admission was 
normal in the magority of the 41 ckildren studied.” !4 
Abnormalities were noted in 14 children bur were not speci- 
fically diagnostic of meningitis. Two cki'dren showed clear 
evider.ce of generaised cerebral oedema Eoth had clinical 
2vidence of raised intracranial pressur2 and subsequently 
died. Five childrerc had focal low attenuation areas com- 
panble with infarcion and all had a terriparesis on the 
opposit2 side. Onz chiki with pneumccaccal meningitis 
showed _obliteratior of the basal cisterns corsistent with the 
accumulation of pus. Eight children had evidence of 
subdurel effusion Fut none of these were thought to be 
causing symptoms. Mild ventriculomegely and widening of 
the subarachnoid maces was a commen finding in the 
second scan obtainzd 7—16 days after admssion and was 
seen in 29 of the 35 children scanned at that time. None 
requirec. shunting acd the ventriculomegaly had reverted to 
normal in those chilcren who had a third scan performed 5— 
23 months after acmiss:on. Contrast was not routinely 
given in this study. _t is known that diffs: enhancement of 
the cerebral convexit_es and/or base of the Drain may be seen 
after ccntrast if theze is marked meningeal inflammation. 
Given the clinical context of suspected becterial meningitis, 
such a finding on an enhanced computec romogram would 
be virtuaily diagnoscaic. Unfortunately the finding is only 
seen in a small minority of children wma acute bacterial 
meningitis at present=tion.!* Thus it must be concluded that 
ccmputed tomograchy rarely gives specific positive 
information on whick to make a diagnosis »f acute bacterial 
m=2ningiLs. 

On the other hand zamputed tomograrty ts very helpful 
in excluding those conditions that may m:mic bacterial 
meningitis with raisez intracranial pressure. Posterior fossa 
tumours, acute hydrocephalus, cerebral adscess, and intra- 
cranial bleeds are =ll readily diagnosec on computed 
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tomograms. Scanning may be less diagnostically helpful in 
Reye’s syndrome, meningoencephalitis, and herpes simplex 
encephalitis where the findings may be non-specific or even 
normal. 

Can computed tomography detect impending coning 
which is not apparent clinically? Unfortunately, the answer 
is probably not. Cerebral oedema may produce abnormali- 
ties on computed tomography including small lateral and 
third ventricles, generalised low attenuation of the white 
matter, and obliteration of the basal cisterns but there is 
considerable variation in ventricular and cisternal size which 
can make interpretation of a single scan unreliable in this 
respect. 


Practical solutions 

Avoidance of lumbar puncture in children with suspected 
acute bacterial meningitis and evidence of raised intracranial 
pressure should reduce deaths from coning but we must be 
sure that such a policy does not lead to delayed antibiotic 
treatment. Clinical features suggesting dangerously elevated 
intracrenial pressure and incipient coning are given in the 
table. Paptlloedema is an uncommon finding in acute 
bacterial meningitis even when there is markedly raised 
intracranial pressure as it takes 24-48 hours for the discs to 
swell but its presence would be an absolute contraindication 
to lumbar puncture. The absence of papilloedema in this 
situation does not mean that lumbar puncture would always 
be safe and the other clinical features of raised intracranial 
pressure need to be taken into account. Most children with 
bacterial meningitis are drowsy but increasing coma suggests 
raised intracranial pressure. Convulsive seizures are not 
uncommon in the early stages of bacterial meningitis and do 
not in themselves signify raised intracranial pressure, but 
any convulsion is associated with a transient increase of 
pressure'® and so lumbar puncture should not be done 
within 30 minutes after a short convulsive seizure or at all 
after a prolonged convulsion. Tonic seizures on the other 
hand may be a symptom of dangerously high intracranial 
pressure and lumbar puncture should not be carried out. '” 
Septic shock would also be a contraindication, not because 
of raised pressure, but because the stress of the procedure 
itself may aggravate the cardiovascular collapse. 

For these children immediate lumbar puncture is not 
carried out (see figure) but blood and throat cultures are 
taken before prompt instigation of appropriate intravenous 
antibiotic treatment.!® Treatment for raised intracranial 
pressure may be required with intravenous mannitol, 
dexamethasone, and passive hyperventilation. Once the 
child’s condition has stabilised, arrangements should be 
made for computed tomography. The main purpose of this 
is to exclude those conditions which may mimic acute 
bacterial meningitis. In bacterial meningitis the computed 
tomography may show non-specific changes but is unlikely 
to give proof of the diagnosis. The results of the blood 
cultures will become available in 24-48 hours and can be 
expected to identify the organism in about 90% of cases of 


Contraindicassons to lumbar puncture in the child wuh suspected 
acute bactertal meningitis (see text for discussion) 


Bradypnoea or irregular respirations 
Fixed dilated or unequal pupils 

Absent doll’s eye movements 

Recent or prolonged convulsive seizures 
Tone serzures 

Decerebrate or decorticate posture 
Hemuparesis 

Sepuc shock 


The place of computed tomography and lumbar puncture m suspected bacterial meningitis 1419 


Symptoms and signs 
suggesting bacterial meningitis 


Lumbar puncture 
contraindicated 


| 


Blood and throat cultures 


iV antibiotics 


? treat raised ICP 


Computed tomogram 
Altemative Presumed bacterial 
dlagnosis meningitis 
Appropriate Continue 
treatment IV antibiotics 
Flow phage i Bi 
Intravenous; pressure. 


Haemophilus influenzae or pneumococcal meningitis but 
only about 50% of cases of meningococal meningitis.!” 
Failure to grow an organism means that the broad spectrum 
antibiotics must be continued for a full 10 days of treatment. 
After a day or two of treatment there may be the option of 
carrying out a delayed lumbar puncture if the contraindica- 
tions are no longer present. This is rarely necessary but 
would allow cytological and chemical analysis of the cere- 
brospinal fluid with countercurrent immunoelectrophoresis 
for bacterial antigens if there is still serious doubt about the 
diagnosis.7° 

Fortunately the majority of children presenting with 
suspected acute bacterial meningitis have no contraindic- 
tions for lumbar puncture and this should be done promptly 
before starting intravenous antibiotic treatment. There is no 
place for routine computed tomography before or after 
lumbar puncture in the child with clinically uncomplicated 
acute bacterial meningitis. 


DAVID H MELLOR 
Department of Paediatrics, 
Unrversity Hospital, 
Notangham NG7 2UH 


l Carter PE, Barclay SM, Galloway WH, Cole GF. Changes in bacterzal 
meningitis. Arch Dis Child 1990;65:495-8. 


No contraindication 
to lumbar puncture 


| 


Lumbar puncture 


Bacterial Alternative 
meningitis diagnosis 
IV antibiotics Appropriate 

treatment 


the child with suspected acute bacterial meningits. IV, 


2 de Louvo J, Blackburn J, Hurley R, Harvey Infantile meningitis io 
England and Wales: a two year study Arch Dis Oe Child 1991;66:603-7 
3 Salwen KM, Vikerfors T, Olcen P Increased incidence of childhocd 
itis. ” Scand F Infect Dis 1987;19:1-11 
4 McK GH Jr t of bacterial meningitis in infants ard 
children. Current cratic Mich fete eee Am J Med 1984,76:215-23. 
5 Finch seat , Mandragos C. Corticosteroids in bacterial meningius BMF 199 ; 


6 Anonymous Endotoxin bound and gagged [Editonai]. Lancet 1991,33; 


7 Minns RA, Engleman HM, Sur H. Cere 
c mernungins Arch Dis Child 1989;64:814- 
8 W CPS, Swanson AG, Chapman JT. Brun swelling with acute puruleat 
Pennans Pediatrics 1964;55:220-7. 
9 Addy DP When not to do a lumbar puncture. Arck Dis Chid 1987;62:873--= 
10 Horowitz SJ, Boxerbaum B, O’Bell J Cerebral hermanon in bacteral 
us in childhood. Ann Neurol 1980;7:524-8 
11 Slack J. and lumbar puncture. Lancet 1980,ii:474—5. 
12 Richards eet owu-Aghantse E., Dangers of lumbar puncture. BMF 1985, 


292:60 

13 Cabral DA, Balsa ares O, Farrell K, et al. Prospective study of computed 
aoe in acute bactenal tis. 7 Pedtatr 1987,111:201-5. 

14 Pike MG 


ong PKH, Bensivenga , et al, Electrophystological studics, 
computed ben h neurological outcome in acute bacte-al 


menin JP Te 702-4. 
Haslam RHA Role fps ted TERY in the early management of 
Arer e Pikat 1991,119:157~9. 
16 Mins ee Brown JK. Intracranial pressure changes associated wth 
dhood seizures. Deo Med Child Newrol 1978320:561-9. 
at Tog of lumbar puncture in severe childhood menmgt is. 
erman RS, Levin M Antibiots choices for meningitis beyend 
period Arch Dis Child 1992;67:157-9. 
19 George RH. Timing of lumbar puncture in severe childhood meningitis BUF 
1985 ,291:1123 


20 Clarke MA. Tuning of lumbar puncture ın severe childhood meningitis BU 
1985 ,291:899. 


inal fluid pressure n 


17 Stephens 

MF 198 

18 Klean NJ, H 
the neona 


Sleep problems 


Children’s sleep disorders are commen, often worrying, yet 
largely ignored =n medical and other professional education 
with the risk tkat taey may well be _morecisely diagnosed 
and inadequately treeted. 

The range of such czsorders is much greater than might be 
supposed from ~2xtb-cek accounts. This is evident from the 
Inmternanonal Clesstftcacion of Sleep Dazorders: Diagnostic and 
Ceding Manual wh:ca, although based largely on adult sleep 
disorders, contains d=scriptions of many problems en- 
courtered in babies, children, and adclescents.! Across this 
wide age range. sleszlessness of one type or another is 
probably the sinzle mzs: common sleep problem for which 
medical help is scugkt, and night time 2p-sodes of disturbed 
behaviour is poss_bly tre next. Excessive daytime sleepiness 
is a less well app-eciatec symptom bu: one which involves 
an important and wide ranging differeada diagnosis. 

This annotation coazams an outline of these main clinical 
sleep problems. Other important aspects of sleep in 
paediatrics, such =s the interesting con22ctions with physical 
growth,” are outs de the scope of this artic.e. Further details 
of ch:Idren’s slee=: discrders are available in recent general 
accounts and the resenences to specizic aspects that are 
provided.*> 


Sleeplessness 

This term covers var.ous problems especially settling 
difficulties, recurrent waking, early waking, and short 
duretitn sleep. Tr2 cases and approact required vary with 
age, for example, solic and long cantirred night feeding in 
babies, lack of bedtime routine or inasp-opriate daytime 
naps in young chileren; and bedtime fears, and other worries 
or emotional upsez in sider children and adolescents. Very 
frequeat night waring end settling prctlems are described 
in a fifth of toddlers.” ccmmon causes being inappropriate 
ckedtume procedures. including inconsistency and inadvertent 
reinforcement of -he troublesome bekaviour. For such 
problems, behavioral trzatments are re atvely simple and 
effective’ and morz eppropriate than Lyprotic medication 
which is best reser-ed rar short term use in crisis situations 
before other methods ane introduced.* Training in such 
approaches needs zo te more widely evailable to health 
visitors and others. 


Night time attacks ‘parasomnias) 

A maxr problem w:th recurrent episcdes of disturbed 
odehaviour appears tœ be tœ risk of misdiagnosis. Sometimes 
the term ‘nightmar=:’ is mistakenly used fo- any recurrent 
dramatic episode at night In fact, the various forms of night 
time attack are differert in their phvsio_ogy and their 
management.’ Timiag of ettracks usually zives a clue to their 


- nature. 


Heedbanging anc. other rhythme morenent disorders are 
quite common at night in ~oung children. They often occur 
at sleet onset, or or waximg during -he git, and seem to 
facilitate sleep. If they persist during the Jay they can be a 
feature cf severe leacning disability or psychosis but in the 
vast majority of usual cases there is no evidence of 
developmental disorzer. Parents can be reassured that this 
strange behaviour is not of psycholcgicel significance and 
that it will remit sporctaneo.isly by about 4 years of age. The 
same reassurance can be given in most ceses of confusional 
arousals, night terrzrs, o? sleepwalking “hese ‘arousal 
disorders’ which are <fter. familial, arise 7 deep non-rapid 
eve movement (NREM: sle2p and therefo-e mainly occur in 
tke first -hird of the night when this type of sleep is most 
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abundant. The child remains asleep during these episodes. 
True nightmares (frightening dreams) arise in rapid eye 
movement (REM) or dreaming sleep most of which occurs 
later in the night. The child is awakened by the frightening 
content of the dream and is able to describe its details. 
These various common forms of night time episode can be 
confused with nocturnal seizures,!° which tend to occur at 
any time of night and have a very different significance, 
usually requiring physical investigation and treatment. 
Non-epileptic night time attacks are usually ‘develop- 
mental’, that is, they remit spontaneously in time and are 
not usually associated with psychological disturbance. This 
may not be the case when attacks are very frequent, if they 
persist beyond the age they would normally cease, if they 
start beyond that age, or if they follow a traumatic event. 


Excessive sleepiness during the day 

This problem may not be brought to medical attention 
because of being misconstrued as laziness or ‘opting out’ of 
boring or difficult situations. Alternatively, parents and 
teachers may be concerned about learning and behaviour 
problems without realising that they are the result of 
hypersomnolence. 

Most causes, especially in adolescence, are likely to be the 
result of habitual lack of sleep for social reasons; in other 
cases there is actual insomnia that is usually psychological in 
origin. A more specific cause can be identified in other 
children, such as obstructive sleep apnoea that is increas- 
ingly being recognised from before the age of 5 years.'! 
Salient features include snoring or other breathing difficul- 
ties during sleep, restless sleep, and bedwetting. Obesity is 
not at all] an invariable feature, indeed the growth of some 
children is retarded. Enlargement of tonsils and adenoids 
appears to be the most common cause of obstruction and 
their removal often improves daytime functioning including 
learning abilities and behaviour.!* The narcolepsy syndrome 
can be difficult to detect early in its development; the 
sleepiness may well not be recognised as pathological, and 
early cataplexy and sleep paralysis may produce only subtle 
changes initially. Accompanying psychological problems 
can easily obscure or complicate the picture. ! 


Children at special risk of sleep disorder 

Sleep disturbance can also significantly complicate physical 
and psychological disorders in children. It can be caused in 
a variety of ways. Symptoms of physical tllness may disrupt 
sleep or prevent its onset. Examples are painful or uncom- 
fortable conditions (including middle ear disease that may 
well be overlooked) or where asthmatic attacks, seizures or 
nocturia repeatedly interrupt sleep. Medication is sometimes 
implicated such as antiasthma and some antiepilepsy drugs, 
as well as sedatives or hypnotics which can have paradoxical 
effects. Concern has been particularly expressed about the 
psychological and possibly physical effects of sleep depriva- 
tion in intensive care units caused by repeated procedures or 
by noise or other environmental factors. Sleep patterns may 
be seriously disturbed by the stress of the child’s illness or 
being in hospital. 

High rates of severe and persistent sleep disorder have 
been consistently described in children with a learning 
disability'* causing considerable additional demands on 
parents and other carers. Sleeplessness is the most usual 
form of the problem but additional and more specific types 
of sleep disturbance are described in certain syndromes: 
obstructive sleep apnoea in Down’s syndrome and most 
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forms of mucopolysaccharidoses, and excessive sleepiness of 
uncertain origin in the Prader-Willi syndrome. Although 
there are relatively few research findings available, clinical 
experience indicates that certain psychiatric disorders are 
commonly associated with sleep disturbance, notably anxiety 
or depressive states, autism, and substance mususe. 


Assessment 

Clinical assessment of each child’s recent sleep wake pattern 
needs to be comprehensive. A sleep diary kept by parents 
can be very instructive. Other relevant information may be 
contained in the medical history, findings on physical 
examination, and inquiries about the family circumstances 
and relationships. 

A detailed clinical account and awareness of diagnostic 
possibilities is sufficient in most instances but, in selected 
cases, objective information from overnight video recordings 
or studies of sleep physiology will be required. The main 
conventional parameters for describing sleep structure are 
the electroencephalographram (EEG), electro-oculogram, 
and electromyogram. These measures permit NREM and 
REM sleep to be distinguished from each other and the 
EEG ın particular allows NREM sleep to be graded into its 
four levels, the deepest levels usually being referred to as 
slow wave sleep. Overnight sleep consists of a series of 
NREM-REM cycles displayed diagramatically as a 
hypnogram. 

Special sleep studies do not necessarily involve expensive 
inpatient sleep laboratory facilities. Home videos taken by 
parents themselves can be very instructive about children’s 
night time attacks. Recordings of sleep physiology, also 
carried out in the child’s home or other non-specialised 
setting, are now possible by means of portable cassette 
systems which provide detailed information on sleep staging 
and other objective aspects of sleep. Such procedures can be 
used where necessary to provide an objective check on the 
accuracy of reported symptoms, to define the sleep disorder 
precisely by demonstrating abnormal sleep physiology, and 
also to evaluate treatment objectively. 


Treatments for sleep problems 

These are many and varied and, of course, need to be 
chosen according to the nature and origin of the problem or 
factors maintaining it. In general, medication has been 
overemphasised in the past; it is often ineffective and can 
itself give rise to problems, especially disturbed behaviour. 
Explanation, reassurance, and support can have a major role 
in management especially in the case of developmental 
problems where parents may well overstate the significance 
of their child’s symptom or behaviour. For example, showing 
them norms concerning children’s sleep requirements at 
different ages can be very helpful. More specific practical 
advice may well be needed such as making the environment 
safe for sleepwalkers to prevent accidental injury, or not 
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attempting to waken a child ın the throes of a night terror as 
this will confuse and frighten the child, if successful. 

In the case of chronic sleeplessness, it is not sufficient 
merely to reassure parents that the problem will resolve 
spontaneously because much harm can be caused in the 
meantime; the behavioural approaches mentioned earlier 
should be introduced. Several such approaches have been 
described mainly in the treatment of settling and night 
waking difficulties in toddlers. Each aims at changing the 
way parents deal with the problem. Those described by 
Douglas are: graded stages by which parents become less 
actively involved in getting the child to sleep; establishing a 
bedtime routine and teaching the child cues that it is tume to 
go to bed and sleep; reinforcing settling and sleeping by 
means of rewards and incentives; and ignoring the difficult 
behaviour (an apparently quickly effective method but very 
difficult for many parents as the child may become so 
upset).'° The choice of approach and the way ıt is 
implemented depends on the particular family. Different 
techniques may be needed in combination. 

Other examples of specific measures include adenoton- 
sulectomy in obstructive sleep apnoea, and adjustment of 
sleep disturbing treatment, wherever possible, for children 
with a physical illness. If inquiries reveal that the sleep 
problem is only one aspect of the child’s psychiatric 
disorder, or of a complicated family situation, professional 
heip from child psychiatry or psychology will be required. 
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Routine discharge examination of babies: 


is it necessary? 


The neonatal examination is an integral part of child health 
surveillance.’ A thorough physical examination can be 
regarded as a screening procedure to check that the baby is 
normal, to look for congenital abnormalities, and as a re- 
assurance for parents. The contact also offers an excellent 
opportunity for parents to ask questions, and for health 
promotion including especially a discussion on feeding 


practices, immunisation, and reducing the risks of sudd=n 
infant death. 


First neonatal examination 
The first full neonatal examination has a high yield of 
abnormalities and is widely accepted as good practice. Tris 
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was confirmed be Moss et alin an audi:cf 1735 examinations in 
woich the inival examination succeeded in detecting 
atnormalities ir 8-82% of infants, ctthopaedic problems 
being the most common.’ This examination is generally 
recommended tz be conducted withia 24 hours of buirth.? 
This has, howerer, been questionec >y Hughes et al who 
shoved that a =ingle late examination. 24 hours before 
discharge, yielded as many abnormalities as two (early and 
late) neonatal exeminaticns.* They argae that as most major 
visible abnorma_ties will be detectec by the midwife or 
parents very socn after birth, the 2xemination can be 
delayed until 24 -ours >efore discharze, waen management 
prcbkems may Fave become apparent. This ignores the 
parertal reassureace value of an eer:y examination, but 
indicates that a les ngid attitude to tming can be adopted. 
This approach vould also ease the problem of routine 


exacn-nations ovez a weekend when medical staffing can be 
difficult. 


Disctarge examic ation 

The Maternity Secvices Advisory Cor mittee recommended 
a routne neonatal discharge examinator in 1985.7 However, 
this has not been zenerally accepted and ta2 1989 report of 
the joint Workirz Party on Child Health Surveillance 
recommended on! € repeat examinatDr af hip stability on 
discharge or wit>in lC days after brth.! This altered 
recommendation vas partly a response tc the welcome trend 
towerds early disckarge which makes it imcreasingly difficult 
to ersure that a second examination is carriec out. Moss et al 
addressed this problem with an audit eszessmg the value of 
the second neoratal examination. Tke examunation, 
performed on 97:4 of 1795 newborn infants, was done on 
tae day of discharse on 1428 infants “79-5%). Because of 
early d_scharge, 38 5% o- babies were exammed on or before 
day 2. the median ~ime <f the discharge examunation being 
4 days of age. The s2cond examination uxovered previously 
undetected problems in 63 infants (2'€%). However, 49 
abnormalities were minar, such as super_icial infection and 
jauncice not requiting phototherapy; ir seren babies the 
abnormality was nc: new and should havz been detected by 
the first examination. Only seven infamts 1ad a new or 
potentially important abnormality: jaimdic2, a transient 
heart murmur, a d=tended abdomen wh ch -esolved spon- 
taneously, and—most siznificantly—aaocstable hips in 
four infants. An importan- finding was therefore detected ın 
only 0°5% of secord examinations. The study concluded 
that a full second examination cannot be jastiied, but a test 
for =ip stability soowld be derformed. 

The Hall report <iscusses the key ro'e of Darents ın the 
detector of defect but stresses that some defects are 
urlikely to be recognised even by the most astute parents 
and recuire a specia. searca by health professionals.’ In this 
category congenital dislocation of the 1™p and congenital 
heart disease require spectel consideration. 


CONGENITAL DISLOCATION =F THE HIPS 

The current screenir z programme for congeni‘al dislocation 
of the h.p was set Git in 1986° and endorsed in the Hall 
report. But it has been criticised because cf pcor specificity 
and sensitivity.°* The screening programme been 
therougtly evaluatec by Dunn et al.’ In a cabort of 23 002 
infants, 445 (1:9%) were diagnosed as Favimg dislocated 
hips. In 33% the abnormality was deteced at the initial 
examinstion on the f -st dav, but in 17% the instability was 
not muzd until the disckarge examinatcn taat was per- 
formed at a mean of 5 days. Thus C=% of discharge 
examinations detecte_ an castable hip, a zate s-mılar to that 
found by Moss er a it i not clear why these were not 
detected at the first examinetion; perhaps signs of instability 
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can be temporarily lost shortly after birth5 or, as seems more 
likely, the signs were missed. 


CONGENITAL HEART DISEASE 

The Hall report makes no recommendation for a second 
neonatal examination to detect congenital heart disease. 
Moss et al found novcongenital heart abnormality at the 
second examination, although it has been pointed out that 
this audit was not large enough to encounter many 
important abnormalities, such as coarctation of the aorta, 
which are potentially detectable.'° Further information is 
from an unpublished audit from the database of the 
cardiology unit at Bristol Children’s Hospital (R Martin, 
personal communication). The neonatal notes of 50 children 
with congenital heart disease were scrutinised. In only 20 
was the abnormality detected in the newborn period. In one 
this was prompted by an abnormal antenatal scan, in seven 
symptoms and in a further five during surveillance on the 
neonatal unit for other reasons. In only seven infants was 
the abnormality picked up by routine examination—the 
first examination in six and the second in one. Both cases of 
coarctation of the aorta were missed. The discharge exam- 
ination as it is currently performed is therefore seriously 
deficient as a good screening test for congenital heart 
disease. 


Conclusion 

The routine discharge examination as currently performed 
is at best a test of hip stability and an opportunity to talk to 
the mother about her baby. The detection rate for other 
abnormalities is disappointingly low, and probably due to 
the examination being performed too soon after the first full 
examination. There is also the recommendation that the test 
of hip stability shortly after birth should not be duplicated 
for fear of damaging the joint.” The move toward earlier 
discharge means that in 38:5% of infants the test is 
duplicated within two days of delivery. 

I consider that a second neonatal examination could be 
made useful if its timing is changed and aims more clearly 
defined. Rather than at discharge, with its very variable 
timing, the examination should be performed at 7 to 10 days 
of life with the clearly defined aims of detecting unstable 
hips, congenital heart disease, and late onset or progressive 
jaundice. This would be performed in most instances by the 
general practitioner as part of the child health surveillance 
programme; for infants remaining in hospital, paediatric 
staff would be responsible. As with all aspects of child 
health surveillance, this policy must be regularly reviewed. 


P H T CARTLIDGE 
University of Wales College of Medicine, 
Heath Park, 
Cardiff CF4 4XN 
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Do maternal and intrauterine factors influence 
blood pressure in childhood? 


P H Whincup, D G Cook, O Papacosta 


Abstract 

It has been proposed that maternal health and 
nutrition may be important in the development 
of adult cardiovascular risk, and that blood 
pressure may be an important intermediate 
step in this process. To examine the relevance 
of this hypothesis in contemporary British 
children, the relationships of several maternal 
factors to blood pressure were studied in 
3360 children of European origin aged 5-7 
years. Maternal age, height, and body mass 
index were all positively related to blood 
pressure in childhood but these relationships 
were abolished once the child’s body build 
was taken into account. Maternal social class, 
educational attainment, and history of smoking 
in pregnancy showed no relationship with 
blood pressure in childhood. Parity showed an 
inverse association with blood pressure, but 
this appeared to be due to an association 
between total sibship size and blood pressure, 
suggesting a postnatal rather than a prenatal 
origin. Blood pressure was higher in children 
whose mothers had a history of high blood 
pressure but this association was no stronger 
than that for paternal history. Both birth 
weight and gestational age were inversely 
related to blood pressure at 5-7 years. The 
association between birth weight and blood 
pressure was attenuated by standardisation 
for gestational age, and the relationships 
between birth weight and blood pressure were 
similar in preterm and full term infants. 

No specific associations between blood 
pressure and the maternal factors studied 
have been observed in this population. Hypo- 
theses relating maternal factors to cardiovas- 
cular risk need to specify the timing and 
nature of their effects more precisely. Although 
the relationship between birth weight and 
blood pressure is not fully understood, it 
appears to reflect size at birth rather than fetal 
growth rate. 


(Arch Dis Child 1992,67:1423-9) 


Barker has argued that factors acting in early 
life may be important in the development of 
hypertension and cardiovascular disease in adult 
life.! The environment in fetal and infant life, 
which is strongly influenced by maternal health 
and especially by maternal nutrition, may be 
particularly important.'? While the links 
between fetal and infant experience and adult 
cardiovascular risk are incompletely understood, 
it has been suggested that failure of fetal growth 
may play an important part.' The demonstration 
of an inverse association between birth weight 


and blood pressure both in childhood*” and in 
adults® è ? has suggested that blood pressure is 
likely to be an important link between early 
influences and later cardiovascular risk. It has 
been postulated that this hypothesis may account 
for both the secular trends in cardiovascular 
disease observed in Great Britain over the past 
50 years!? and for the current patterns of 
geographical variation in cardiovascular 
mortality.'!~!* As the public health implications 
of the hypothesis principally concern the health 
and nutrition of mothers and their infants, it is 
important to understand the extent to which 
these early influences are relevant in the present 
generation of children. 

In this report, two aspects of the hypothesis 
are examined in a contemporary group of chil- 
dren. The first is the relationship betweer 
indicators of maternal health (particularly those 
related to maternal nutrition) and blood pres- 
sure in childhood. The indicators of maternal 
health considered include age, height and bod~ 
mass index, social factors (including social class, 
age of completion of full time education), smok- 
ing ın pregnancy, parity, and a history of higa 
blood pressure. Among these, maternal heigkt 
is likely to reflect childhood influences,” 
including nutrition,!? while maternal sociz! 
factors are strongly related to dietary intake cf 
both macronutrients and micronutrients during 
pregnancy. !° The second aspect of the hypothes s 
examined is the relation between birth weigLt 
and blood pressure and, in particular, tte 
suggestion® ë ? that fetal growth rate may playa 
central part in this relationship. 


| Subjects and methods 


SAMPLING PROCEDURES 

The study was carried out in 10 towns in 
England and Wales, five with exceptionaly 
high adult cardiovascular mortality rates 
(Wigan, Burnley, Rochdale, Port Talbot, aad 
Rhondda) and five with exceptionally low 
cardiovascular mortality rates (Esher, Leather- 
head, Chelmsford, Bath, and Tunbridge Wells). 
The selection of these towns has been descrited 
in detail elsewhere.'© Within each town, a 
sample of 10 primary schools, stratified by 
religious denomination and, in the case of 
county primary schools, by size and locaticn, 
was selected. Any school unable to take part vas - 
replaced by the school matching most closely in 
denomination, size, and location. Within esch 
school, two classes of children aged between 3°0 
and 7'5 years were randomly selected to prov.de 
a sample of 50-60 children who were invitec to 
participate. The validation of this samplng 
method has been described. ! 


jeze 


SURVEY PROCEDURES 

All measur2nents were made between Januery 
and July 1990 by a team of four trained nurse 
observers working in pairs. Standardised pro- 
cedures were used throughout. Children, in 
groups of fcur. rested for a period of at least 
5 minutes bfore the measurements described 
below were carried out, with subjects dressed in 
light clothimg without shoes. Height was 
measured tc the last complete millimetre using 
either a Ho.tam electronic stadiometer or a 
CMS portable stadiometer. Weight was measured 
to the last ccrmpiete 0-1 kg with a Soehnle digital 
electronic weighing scale. Blood pressure was 
measured wih the child seated and the arm 
supported a: chest level. Two blood pressure 
measurement; were made 1 minute apart in the 
right arm, usiag the Dinamap 1846SX automated 
oscillometric blood pressure recorder 
(Critikon),’* All measurements were made 
with the chld cuff size (bladder dimensions 
15-58 cm), ensuring that the cuff width to arm 
circumference ratio of 40-50% recommended 
by the Americar: Heart Association? was met 
for 79% of taz study population. Ethnic group 
was assessed cn “he basis of the child’s appear- 
ance, 


QUESTIONNAIR2 

A self admimistezed questionnaire sent to the 
parents of all participants on the day of exam- 
ination was sed to provide information on 
maternal and iatrauterine factors. Maternal age 
was determined from the mother’s year of birth, 
and refers to ker age at the time of the child’s 
birth. Maternci weight and height were recorded. 
Maternal socicl class was determined from the 
mother’s present or most recent occupation, 
classified usinz the 1980 manual of the Office of 
Population Ceasuses and Surveys. Maternal 
education was assessed by asking the age at 
which full time ecucation had been completed. 
Cigarette smokiig in pregnancy, including the 
number of cizirettes smoked, was recorded. 
Mothers were asked to record the dates of birth 
of all older and younger siblings of the child 
examined; the cumber of older children formed 
tke basis for assessment of parity. Inquiry was 
made as to wh2-her mothers had ever had their 
blood pressure measured, and whether they had 
ever been tolc that their blood pressure was 
high. A similaz question was asked of fathers. 
Mothers were esk=d to record birth weight as 
accurately as possible. Whether the delivery was 
early or late and. if so, by how many weeks, was 
used to determme gestational age. 


STATISTICAL METHODS 

Age, height, arc body mass index in mothers, 
and gestational aze and birth weight in children, 
have been treated as continuous variables in 
regression analyses. but have been grouped in 
fifths for presertation in figures and tables. 
Age, height, bode mass index, and blood 
pressure in children have been treated as 
continuous varia les. Maternal social class and 
age of completion of education have been 
treated as class variables; the significance of 
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relationships with blood pressure has been 
based on tests for linear trend. The number of 
older siblings (parity) and younger siblings has 
also been treated as class variables; older sibling 
numbers of three or more and younger sibling 
numbers of two or more have been grouped 
throughout. Cigarette smoking in pregnancy 
and parental history of high blood pressure have 
been treated as 0/1 variables. All results have 
been standardised for small differences in blood 
pressure measurement between observers. In 
this study population age, sex, height, and body 
mass index were all independently related to 
blood pressure. Standardisation for age, sex 
and, where appropriate, height or body mass 
index or both, have been carried out using 
standard linear regression techniques. 


Results 

The results are based on 3360 European children 
(67% response rate) who both took part in the 
measurement survey and for whom parental 
questionnaires were returned. Analyses of 
maternal factors have been restricted to children 
living with their natural mothers (n=3307); 
analyses of intrauterine factors are restricted to 
singleton births (n=3259). Analyses of parental 
history of high blood pressure have been restric- 
ted to those subjects whose parents reported 
having had a blood pressure measurement 
made at some time (3215 mothers, 2310 
fathers). Results are presented for systolic 
pressure throughout. Relationships for diastolic 
pressure are consistent with, but weaker than, 
those for systolic. 


MATERNAL FACTORS FOR BLOOD PRESSURE 
Maternal age, height, and body mass index 

The relationships between maternal age, height, 
and body mass index and systolic blood pressure 
in children are presented in the figure. In a 
model standardised only for age and sex, all 
three variables show strongly positive, and 
statistically significant, associations with systo- 
lic blood pressure, which are largely indepen- 
dent of one another. However, in these chil- 
dren, height is correlated both with maternal 
age (r=0°13) and with maternal height (r=0-33) 
while body mass index is correlated with mater- 
nal body mass index (r=0°'18); both of these 
factors are strongly associated with blood pres- 
sure in childhood. When the relationships 
between maternal age and blood pressure and 
maternal height and blood pressure are standar- 
dised for the effect of the child’s height (Gn 
addition to age and sex), these associations are 
effectively abolished (figure). Similarly, when 
the relationship between maternal body mass 
index and blood pressure is standardised for the 
effect of the child’s body mass index, this as- 
sociation is also removed (figure). 


Maternal social factors, smoking ın pregnancy, 
parity and blood pressure 

The relationships between maternal social 
class, age at completion of full tume education 
and smoking in pregnancy are presented in 
table 1. Neither maternal] social class nor age at 
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completion of full time education showed a con- 
sistent relationship with blood pressure in child- 
hood, a finding which is unchanged by using 
the same measures for the father or head of 
household (data not presented). Maternal smok- 
ing in pregnancy also shows no relationship to 
blood pressure in childhood. Parity, in contrast, 
shows an inverse, graded relationship with 
blood pressure, which is consistent in all groups 
except the small 3+ group (table 1). Firstborn 
children have mean systolic pressures 2-1 mm 
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Table 1 Maternal factors and systolic blood pressure in 
children 








No of Systolic blood 
children pressure 
(mm Hg) 
Maternal social class: 

I 37 106°1 (1 7) 
II 717 103 8 (0 3 
HINM 1143 104 3 (03 
HIM 2 194:1 (0 7) 
IV 655 103 4 (04 


Test for trend 
104-1 (09 p=0-30 
Maternal full time education completed 

<=16 years 1863 103-7 (0-3) 


17-20 years 890 104:4 o 4) Test for trend 


21 years + 439 103-6 (0 5) p=0 62 
Maternal smoking in p 
Yes 870 103 5 (6 2) Test for difference 
No 2390 104 0 (0-4) p=0 29 
Panty. 
0 1534 104 5 oie 
l 1131 103 4 (0-3 
2 415 102 4 (0-5) Test for trend 
3+ 154 103-5 (0 9) p=0 001 
Maternal history of high blood pressure: 
Yes 1167 105 0 (0 3) Test for difference 
No 2048 103 1 (0 2) p<0 0001 
Paternal history of high blood pressure 
Yes 288 106 0 (0 6) Test for difference 
No 2022 103 8 (0 2) p=0°001 


Figures are means (SE) All analyses are standardised for age and 
sex. Analyses are based on 3307 subjects with natural mothers, 
for whom a social class could be allocated in 2942, a level of 
educational attainment in 3192, a smoking status in pregnancy in 
3260, and a panty in 3234 Analyses of parental history of high 
blood pressure are restricted to 3215 mothers and 2310 fathers 
who reported having had their blood pressure measured 


Hg higher than those whose mothers were 
parity 2. It is important, however, to consider 
whether this association 1s really dependent on 
parity, or whether it reflects the number of 
older siblings on which the measure of parity is 
based. One way of approaching this question Is 
to examine whether there is any relationship 
between the number of younger siblings and 
blood pressure. This relationship is examined 
for each number of older siblings in the columns 
of table 2. Mean blood pressure tends to fall 
with increasing numbers of younger siblings; 
the effect is most consistent in the largest cells, 
towards the top, left hand corner of the table. 

To assess the strength of the independent 
relationships between younger sibling numbers, 
older sibling numbers and blood pressure, a 
multiple linear regression analysis including the 
two factors, together with age and sex, was 
carried out. The linear regression coefficients 
(representing the difference in systolic blood 
pressure for a single change in sibling numbers) 
are very similar both for older siblings (~1-11 
mm Hg; SE 0:24 mm Hg) and for younger 
siblings (—1:29 mm Hg; SE 0°30 mm Hg). 
Results are also consistent for diastolic pressure. 
These findings suggest that the associations are 
dependent on the total number of siblings, 
rather than on parity. As numbers of both 
younger and older siblings are related to blood. 
pressure levels in childhood, this association is 
likely to reflect a postnatal, rather than a 
prenatal, effect. 


Maternal history of high blood pressure 
Table 1 presents the relationship between a 
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Table 2 Older saælng:, vounger siblings, and systolic blood pressure 


Yeunger siblings 0 
l 
2+ 


Older sebiing- 

0 I 2 3+ 

105 4 (0-5) IH 3 (0 4) 103-2 (0 6) 104 7(1 0) 
104 3 (0-4) 1D1 4 (0 6) 99 7 (1 2) % 6(2 1) 
103°8 (0°7) D1 9 (1-4) 101:5 (2 8) 102 6 (4 0) 


Fizu-es are mean (SE systolic blood pressures (mn Hi) Analyses are standardised for age and sex 
and xe based on 3734 sckyecis with complete datz on older and younger siblings. 


maternal History of high blood pressure and 
childhcod b_ood pressure. Mean blood pressure 
levels are s.enicicantly higher in subjects with a 
maternal hrszory of high blood pressure than in 
those without. Whether or not maternal high 
blood pressure: was observed during the preg- 
nancy of the child examined, makes little 
differerce tc tke outcome (data not presented). 
The overall aufferences in systolic blood pressure. 
however, b2:ween mothers with and without a 
history of mgt. blood pressure (1'9 mm Hg, 
95% confidence intervals 1-1 to 2:7 mm Hg) are 
very similar to those for a paternal history of 
high blood pressure (2°2 mm Hg, 95% confi- 
dence intervels )-9 to 3:5 mm Hg). 


BIRTH WEIGHT, GESTATIONAL AGE, AND 

BLOOD FRES3sTIR2 

To examine the relationships between birth 
weight, geszetional age, and blood pressure in 
childhood, -tis necessary to standardise results, 
not only foz age and sex, but also for current 
body build.’ In this study population, height is 


Table 3 Birta weight, gestanonal age, and systolic blood 
pressure 


No of Systolic biood 
children pressure (mm Fig) 
Birth went (g- 

765-2950 659 104-7 (0-4) 
2951-3230 633 104-7 (6 4) 
3231-3460 608 104 3 (0:4) 
346 1--37-0 683 103 5 (0 4) 
3741-4820 603 102 0 (0 4) 

p value (bnear -egression) <0-0001 

Gestational age “veexs) 
28-30 13 107°8 (2 7) 
31-33 23 105 5 (2:0) 
34-36 114 104 0 (0 9) 
37-39 757 104-6 (0 4) 
40-42 2105 103-4 (0 2) 
43-44 47 104°5 (1-4) 


p value (limear -egression) <0 0001 
Figures are mean (S=) Analyses are standardised for age, sex, 
height, and bod> mss index and are based on 3259 singleton 
births, of whom oxtt weights are available for 3186 subjects and 
gestational age f 361 subjects 


Tabe 4 Birth wei t, gestational age, and sostic blood pressure 


Systir: blorc procure (mm Hg) 





r SE i p 
ad Sr analyses’ 
ita weight ~2°05 Q 33 —6 16 <0 0001 

Gestat.onal age —0 35 0 09 -3 95 <0 000! 
Mrit pi: regression ana—ses 

Birth weight ~I 90 042 ~4 54 <0 000: 

Ge-tational age —0 06 011 —0 57 057 
Units of re ion coe Ticreats are mm Hgkg o- mm Heg/week throughout All analyses are 


stendacdi 


for age. so hery, and body mass indra and are based on 3061 subjects with complete 


data 33 birth weight œd gestauional age. 


Whincup, Cook, Papacasta 


correlated both with birth weight (r=0-18) and 
to a lesser extent gestational age (r=0:05); 
similar associations are also observed for body 
mass index (r=0°21 and r=0-05 respectively). 
Table 3 presents the relationships between birth 
weight, gestational age and blood pressure, 
standardised for height and body mass index. 
Both of these factors show highly significant 
inverse relationships with systolic blood pres- 
sure. There is a mean difference in systolic 
blood pressure of 2°7 mm Hg between the 
highest and lowest birthweight groups and a 
mean difference of 4:3 mm Hg between children 
born at 28-30 weeks and those born at 40-42 
weeks. These relationships are not affected by 
adjustment for parity or number of siblings, or 
by adjustment for parental history of high blood 
pressure. 

Other investigators examining the association 
between birth weight and blood pressure have 
suggested that fetal growth rate may play an 
important part. °? To examine the extent to 
which fetal growth rate is responsible for the 
relationship between birth weight and blood 
pressure, the relationship has been examined 
separately in preterm births (36 weeks or 
earlier) and term births (37 weeks or later). The 
rationale for such an analysis is that whereas 
variation in birth weight in preterm infants is 
strongly related to variation in gestational age 
(r°=0°49), variation in birth weight at term, 
although still related to gestational age, is much 
less strongly so (r7=0°10). Variation in fetal 
growth rate therefore plays a more important 
part ın variation in birth weight at term than in 
preterm infants. If the association between birth 
weight and blood pressure is explained by fetal 
growth rate, it would be expected that the 
relation between birth weight and blood pressure 
would be stronger in term births than preterm 
births. However, the coefficients for the regres- 
sion of systolic blood pressure on birth weight 
are very similar in preterm infants (— 1-84 mm 
He/kg, 95% confidence interval —0°38 to — 3°30 
mm Hg) and in term infants (—2°06 mm Hg/kg, 
95% confidence interval — 1:22 to —2:°90 mm 
Hg). These results provide no strong evidence 
of a difference in regression slopes between 
preterm and term infants for systolic pressure 
(p=0°80); a similar pattern is seen for diastolic 
pressure (p=0°57). 

A more precise method of examining the 
importance of fetal growth rate is to examine 
whether standardisation of the relation between 
birth weight and blood pressure, for the effect 
of gestational age, increases the strength of the 
relationship (table 4). Standardisation for gesta- 
tional age weakens, not strengthens, the associa- 
tion between birth weight and systolic blood 
pressure, while the association between gesta- 
tional age and blood pressure disappears. These 
results suggest that birth weight, rather than a 
measure of fetal growth rate, is the factor mast 
importantly related to blood pressure in this 
context. 


Discussion 
This study has examined the relationship 
between a group of maternal and intrauterine 
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factors and blood pressure in a population of 
children from 10 towns in England and Wales 
with widely differing adult cardiovascular 
mortality rates. Although maternal age, height, 
and body mass index were related to blood 
pressure, none of these remained so after stan- 
dardisation for current body build of the child. 
Neither maternal social class, educational 
attainment, nor smoking in pregnancy showed 
any relationship with blood pressure in child- 
hood. Parity (based on the number of older sibl- 
ings) was inversely related to blood pressure. 
The number of younger siblings showed an 
inverse association of similar strength, suggest- 
ing that number of siblings, rather than parity, 
was the important factor in this context. While a 
maternal history of high blood pressure was 
associated with a higher blood pressure level in 
childhood, the strength of this association was 
no greater than that for a paternal history of 
high blood pressure. Both birth weight and ges- 
tational age were inversely related to blood 
pressure once the effect of current body build 
was taken into account. The association 
between birth weight and blood pressure was 
similar for preterm and term infants. Moreover, 
standardisation for gestational age did not 
appear to increase the strength of the association 
between birth weight and blood pressure. 


MATERNAL FACTORS AND CHILDHOOD BLOOD 
PRESSURE 

Relationships between maternal factors and 
childhood blood pressure have been examined in 
several previous studies. Weak associations 
between maternal age and blood pressure have 
been described in an earlier study of 5-7 year 
olds’ and in a study of 0-20 year olds.”?! No 
important association between maternal height 
and blood pressure in 10 year olds was observed 
in the 1970 British Births Survey.® In the 
present study, the effects of maternal age and 
height were abolished by adjustment for child- 
hood height, while the effect of maternal body 
mass index was abolished by adjustment for 
childhood body mass index. The precise reason 
for these observations in uncertain. One possi- 
bility is that the associations between these 
maternal factors and blood pressure are con- 
founded by childhood body size, and that they 
are of no importance. A second possibility is 
that childhood body build represents an inter- 
mediate step on a causal pathway relating 
maternal factors and childhood blood pressure. 
The results of our study do not allow us 
to distinguish between these possibilities. 
However, we have also examined the associa- 
tions between paternal age, height, and body 
mass index and childhood blood pressure, 
which are very similar to those for maternal 
factors (data not presented). Thus, even if these 
maternal factors are related to childhood blood 
pressure, the results do not provide strong evi- 
dence for a specific maternal effect rather than a 
general parental effect. 

No consistent relationship was observed 
between maternal social factors and blood 
pressure at 5-7 years. While several studies 
have provided evidence of a relationship between 
social class and blood pressure in Briush adults, 
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with lower mean blood pressures in non-manual 
occupational groups,” *? few studies have 
reported a relationship between social class and 
blood pressure in British children. Beresford 
and Holland observed a 4 mm Hg gradient in 
systolic pressure across paternal social class 
groups in 472 children aged 5-8 years,”* and 
Law et al recently reported that blood pressures 
were lower in social classes I and II in 405 chil- 
dren aged 4 years.” Both our present study 
and an earlier study in 5-7 year olds faled to 
demonstrate an association between maternal 
social factors and blood pressure.” The absence 
of associations in these studies is not sumply due 
to the use of specifically maternal measures of 
social class (rather than one based on paternal 
social class), or to the use of a specifically occu- 
pational measure of social class (rather than one 
based on housing tenure or car ownership). 
These findings are consistent with those of 
MacIntyre and West, who observed that the 
absence of an association between social class 
and blood pressure in adolescents was not 
simply an artefact resulting from the use of an 
occupational social class measure.”° 

The inverse relationships between numbers 
of older siblings, numbers of young siblings and 
blood pressure are broadly consistent with the 
findings of our earlier study.’ Other investi- 
gators, however, have not confirmed this obser- 
vation,’ *° although an association between the 
absence of siblings and high blood pressure has 
recently been reported in adults.” The associa- 
tion between older sibling numbers and child- 
hood blood pressure could, in theory, be 
explamed by a prenatal, maternal effect related 
to parity. However, the findings of the present 
study (suggesting that associations both older 
and younger sibling numbers are equally strongly 
related to childhood blood pressure) strongly 
imply that the association is likely to be 
postnatal and that a specific maternal effect 1: 
unlikely. 

The assessment of parental blood pressure 
status is based on an extremely crude measures 
The association between a maternal history o` 
high blood pressure and blood pressure ir 
childhood is consistent with earlier report: 
based on direct measurement of maternal blooa 
pressure.”* 7° In this study, the association 
between a maternal history of high blood 
pressure and childhood blood pressure was of 1 
similar strength to that of paternal history. As 
both of these parental measures are equally 
crude, this comparison should be valid even -f 
weak. Moreover, the findings are consistert 
with the results of earlier studies, based on 
measurement of parental blood pressures, 
which observed associations with childhood 
blood pressure which were of similar strengta 
for both maternal and paternal influences.** 2 
Although one recent study has suggested thet 
maternal blood pressure may be more importart 
than paternal blood pressure,” the differences 
between maternal and paternal relationships 
that study did not approach statistical signif- 
cance. Strong support for a specific associaticn 
between the blood pressures of mothers ard 
their offspring, independent of that observed 
for fathers, appears to be lacking at present. 


1428 


BIRTH WEIGHT. GESTATIONAL AGE, AND BLOOD 
PRESSURE 

Several studies have observed inverse associa- 
tions between birth weight and blood pressure, 
both in childaood?’ and in adulthood,® ° ? 
although this has not been a universal finding.*” 
The magnrude of the association observed in 
this study is similar to that of our earlier study’ 
and that of Law et al in 4 year olds” but 
stronger than that reported in 10 year olds from 
the 1970 British Births Survey. This discre- 
pancy may 2e explained by the large number of 
observers and -he rounding of blood pressure 
values in the latter study. In the British Births 
Survey, no association between gestational age 
and blood pressure was observed. However, the 
effect of standardisation for current body build, 
as used in the current study, was not described, 
however. 


IMPLICATIONS FOR HYPOTHESES EMPHASISING 
THE IMPORTANCS OF EARLY LIFE INFLUENCES IN 
THE DEVELOPMENT OF ADULT CARDIOVASCULAR 
DISEASE 

Maternal factors 

No evidence hes been observed in this study 
population to suggest the presence of specific 
relationships b2tween maternal factors and 
blood pressure in childhood. These findings do 
not invalidate the general hypothesis that early 
influences, particulary maternal influences, 
may affect the risk of cardiovascular disease. 
The maternal measures reported here are 
possibly toc crude, although the range cf 
maternal heights and social circumstances ts 
wide, despite the absence of children from inner 
cities in tie sample. Blood pressure 1s 
possibly not the important mechanism relating 
maternal influenzes to adult cardiovascular risk; 
other pathways. including impaired glucose 
tolerance, have recently been suggested.” * It is 
also conceivable -hat early influences act by long 
term programming’ and therefore, no appreci- 
able effects oa blood pressure are to be expected 
in childhood The findings emphasise that the 
study of earl? in-luences on cardiovascular risk 
in the present generation of children requires 
-he development of more specific hypotheses for 
testing. In perticular, the maternal factors that 
are importamt, and the nature and timing of 
their influence or offspring, need to be specified 
with greater precision. One example of this 
greater specif.cit, has been the recent suggestion 


Table £ Studies relaang werght and blood pesswe at birth 


Author 


Schacter et al 
ac Siet ef al 


Preterm. infants 


Low birtawewght mfan:s 
Versmold e: al 


Reference No of subjects Association 
3] 74 Positive 
32 45 Positive 
33 257 Positive 
34 392 None 
35 1740 Positive 
36 15 Positive 
37 28 Positive 
31 26 Positive 
38 21 Positive 
39 16 Positive 


Studies eluded in this Bst inchude those in which blooc pressures were measured within seven 


davs of anh 


Whincup, Cook, Papacosta 


that maternal anaemia may be related to blood 
pressure in offspring.” Although preliminary 
results are encouraging,?” however, the hypo- 
thesis requires further exploration and substan- 
uation. 


Birth weight and blood pressure 

In the earlier descriptions of the inverse rela- 
tionship between birth weight and subsequent 
blood pressure, two general explanations for the 
associations have been put forward. Some 
authors have suggested that the relationship 
reflects a direct effect of intrauterine factors on 
the developing fetal cardiovascular system? ° 
whereas others have suggested that the relation- 
ship is essentially due to the postnatal sequelae 
of low birth weight, particularly rapid postnatal 
growth (catch-up growth).° Explanations in the 
first group include the suggestion of Gennser et 
al that the placental changes in intrauterine 
growth retardation lead to resetting of blood 
pressure regulation? and Barker et al’s sugges- 
tion that the processes responsible for fetal 
growth retardation may result in long term 
changes in arterial structure and compliance.’ 
The first of these explanations implies that 
blood pressure in low birth weight infants is 
likely to be higher by the time of birth. Those 
studies, however, that have measured blood 
pressure at, or shortly after, birth have gene- 
rally observed a positive, not an inverse, rela- 
tion between weight and blood pressure at that 
time (table 5), which argues strongly against the 
suggestion of Gennser et al. A common feature 
of both the intrauterine explanations is the 
importance accorded to retardation of intra- 
uterine growth. The analyses described in this 
report have examined the possibility that fetal 
growth rate, rather than birth weight, 1s related 
to blood pressure. First, the relationship 
between birth weight and blood pressure has 
been examined in preterm and term infants, in 
which the contribution of fetal growth rate to 
differences in birth weight differs. Second, the 
effect of standardisation for gestational age on 
the relationship between birth weight and blood 
pressure has been examined. The results of both 
analyses suggest that birth weight, rather than 
birth weight for gestational age (a measure of 
fetal growth rate) is important. Interpretation of 
these findings must be cautious, first because 
birth weight and gestational age are strongly 
correlated (r=0°58) and also because measure- 
ment of gestational age is liable to error, more so 
when based on recall after several years. A 
comparison of gestational age data collected by 
maternal recall at 9-11 years in 851 subjects 
shows a high level of agreement with data from 
birth records (mean difference 0°20 weeks, SD 
1-3 weeks) (PH Whincup, unpublished data). 
Moreover, the demonstration of a relationship 
between birth weight and recalled gestational 
age again suggests that the gestational age data 
are at least partially valid. The results, therefore, 
provide no support for the earlier contention 
that fetal growth rate is important in explaining 
the association between birth weight and blood 
pressure.® ? The biological significance of the 
observations remains uncertain, however. The 
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findings do not resolve the question of whether 
the explanation for the association is prenatal or 
postnatal. They suggest that, if prenatal, the 
explanation must account for a relationship that 
is similar both in prematurity and growth 
retardation, conditions that are distinct in many 
aspects of their aetiology” and clinical features. *! 
If the explanation is a postnatal one, the 
abservations also cast uncertainty on the impor- 
tance of early catch-up growth,” which is more 
marked in preterm infants than in those with 
intrauterine growth retardation.” 
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Manazement and outcome of severe head injuries in 
the Trent region 1985—90 


A C Elias- ones, J A G Punt, A E Turnbull, T Jaspan 


Abstract 

In a five year o2riod, 39 children (29 boys, 10 
girls) aged 2 months to 13 years (mean 7-8 
years) werz studied who had suffered a major 
head injury 2S road traffic accidents, six falls, 
and four mon-eccidental injury). The injury 
had been assessed clinically and by cranial 
computed tomography or cranial ultrasound 
(in a single babr of 2 months). Initial Glasgow 
coma scores for all subjects ranged from 3—11 
(mean 5-5), intect survivors 5-11 (7-4), minor 
handicap 4—11 (5:1), major handicap 3-6 (4-3), 
fatalities =—6 (4-1). All were treated with 
sedation, parairsis, hyperventilation (arterial 
carbon dicxid2 tension 3-0-3-5 kPa), intra- 
cranial pressure monitoring and moderate 
body surface hypothermia to 32°C. Nine 
children di2d and 30 survived (nine intact, 13 
minor disability, and eight major disabilitv). 
The worst cerebral perfusion pressure was 
over 40 mm Hg in all but one survivor, and 
less than 48 mm Hg in seven of nine fatalities. 
Severe hypccaraia both in the first 24 hours 
and overall was zorrelated with poor outcomes 
(dead or major disability), as were bilateral 
contusions cr diffuse axonal injury. 


(Arch Dias Cht 1992;67:1430—5) 


There ts scme evidence that control of raised 
intracranial pressure after major head injury can 
reduce mortali: and improve the quality of 
survival.: Mics: treatment protocols advocate 
hyperventila-ioa to reduce arterial carbon dioxide 
tension (Paco;). sedation with opioids and 
benzodiazepines. and in resistant cases barbi- 
turate admrristration to reduce cerebral meta- 
bolism and t ccntrol intracranial pressure and 
maintain ce-etral perfusion pressure (mean 
arterial dress ire _ess intracranial pressure) above 
50 mm Hg when possible and always above 
40 mm Hg.?-’ However, with barbiturate coma 
estimation 2- Erain death is invalidated. Con- 
sequently, we have managed seriously head 
injured chiktren without barbiturate coma but 
in substitution bave used body surface cooling 
using a cocling mattress to bring the surface 
tempersture dcwn to 32°C, thereby enabling 
greater contr )l of intracranial pressure. 


Subjects and methods 

Thirty nine chi!cren (29 boys, 10 girls), aged 2 
months to 13 years (7:8 years) were treated. The 
children presented in the Trent region over 
1985—9C wich major head injuries that resulted 
from road treffic accidents in 29 (25 as cyclist or 
pedestrians and -our within cars), from falls in 


six, and non-accidental injury in four. The 
Glasgow coma scale scores at presentation 
varied from 3—11 (mean 5:5), and are related to 
final outcomes in table 1. All were thought 
clinically to be showing signs of raised intra- 
cranial pressure. One baby of 2 months had an 
extracerebral collection noted on ultrasound. 
One patient had extensive calvarial fractures 
with cranial sutural diastasis and subluxation of 
the cervical spine, and thus was not scanned. 
The remaining 37 had cranial computed tomo- 
grams, and of these 36 were reported as 
abnormal. A retrospective analysis of 32 of these 
37 scans was performed by two radiologists (TJ 
and AET) who were not given the patient 
outcomes, to look for features on these scans 
that might predict adverse outcome, and were 
then correlated to the actual outcomes. The 
scans of five patients were untraceable. 

The patients were all treated at the Queen’s 
Medical Centre children’s intensive care unit. 

The treatment protocol included hyperventi- 
lation aiming for a Paco, of 3:0-3:5 kPa, body 
surface cooling, using a water cooling mattress, 
to 32°C using an American Medical Systems 
Rk325 K Thermia EC 300 temperature con- 
trol. All patients received analgesia with mor- 
phine by infusion (loading dose 100-200 pg/kg, 
then 20—40 ug/kg/hour) and sedation with mida- 
zolam (60-240 pg/kg/hour) except the first 
patients in the study who received other benzo- 
diazepines, principally Diazemuls (Dumex). All 
patients were paralysed with atracurium 300- 
1200 pg/kg/hour, except the first patients in 
whom pancuronium was used. Intracranial 
pressure was monitored using a precoronal 
Richmond screw in 34 patients, subdural 
catheters in three, and not directly in two 
patients with extensive cranial fractures with 
suture diastasis. The pressure line was recorded 
on a Simonsen and Weel 8041 recorder. Arterial 
pressures were calculated by an S and W Pres- 
sure Module attached to an indwelling radial 
arterial cannula. The cerebral perfusion pres- 
sure was recorded by subtraction of the intra- 
cranial pressure from mean arterial pressure. 
Medical intervention was required if the intra- 
cranial pressure rose above 20 mm Hg, or the 
cerebral perfusion pressure fell below 50 mm 


Table 1 Imual Glasgow coma scale (maximum= 14) 


Frequency Range Mean 
Normal 9 11 T4 
Minor handicap 13 4-1] 6 I 
Mayor handicap 8 3-6 43 
Fataliues 9 3-6 4°] 
All subjects 39 311 5-5 
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Hg. The patients were initially maintained on 
50% normal maintenance requirements of 
fluids, and if prolonged monitoring was antici- 
pated, total parenteral nutrition was started via 
a central venous catheter. 

This process was reversed if the patient was 
thought to have suffered brain stem death, so 
that formal testing could be carried out, or after 
five days if the patient was in a stable condition. 
Iz, on warming the patient, intracranial pressure 
became unstable the process was recommenced 
for a further five days. If warming to 37°C was 
uneventful, normocapnia was allowed and then, Intact Minor — Mayor Died 
if the patient was stable, the sedation was Outcome 
reversed, the intracranial pressure line removed, 
and the patient extubated and rehabilitation 
begun. 

Outcome was assessed in four broad categories: 
neurological, cognitive, behavioural, and the 
presence of post-traumatic epilepsy. The 
surviving patients have been followed up for six 
months to five years, mean 2'5 years. 


intracranial pressure (mm Hg) 





Figure 1 Intracramtal pressure. 


Results 

The patients were divided into four groups 
according to outcome: intact survivors, those 
with minor or with major handicaps, and fatali- 
ties. Nine patients died and nine have survived 
intact. Twenty one patients have a degree of 
residual disability. Thirteen were assessed as 
having a minor handicap (table 2a). Two of Intact Minor Major Died 
these patients are currently undergoing rehabili- Outcome 

tation and are anticipated to return to 

normality. Eight have been classified as suffer- “#472 Cerebral perfusion pressure. 

ing major disability with mental retardation and 
either spastic quadriplegia or hemiplegia (table 
zb). Two of these were, however, neurologically 
abnormal before the injury. 

The correlation between the outcomes and 
lowest mean blood pressure, highest intra- 
cranial pressure, lowest cerebral perfusion 
pressure, and lowest Paco, are shown in table 3 
and figs 1-3. There were significant differences 





Cerebral perfusion pressure (mm Hg) 


Table 2 Type of minor (a) or major (b) dtsabiltty 


ʻa) Minor disability (present ın 33 3% of study group) 
Clumsy 
Poor concentration/memory 
Controlled post-traumatic epilepsy 
Behavioural problems 
Minor neurological signs 
Problems walking' 

Total ] 


Lowest Paco, (kPa) 


Lad Ted a Dp mee La Bo 


‘b) Major disability (present in 20°5% of study group) 
Spastic quadriplegia, dysarthria, 





retarded 4t 
Spastic hemiplegia, poor speech, 
retarded 4 Intact Minor Major Died 
Total 8 
Outcome 
! Probably will be normal 
two children neurolcgically abnormal before injury Figure3 Lowest Paco; tn first 24 hours 


Table 3 Relations of outcome to blood pressure, mtracrantal pressure, cerebral perfusion pressure, hypoxia (low Paos), 
hypocarhia (low Paco). Results are range (mean) 


Outcome Lowest mean Highest mean Lowest mean Lowest mean Lowest Paro: 

blood pressure intracranial pressure cerebral perfuson Paco, (kPa) 

(mm Hg) (mm Hg) pressure (kPa) 

(mm Hg) 

Intact survivor 48-80 (60 4) 10-27 (18 8) 42-70 (50 6) 6 3-13 1 (91) 2 3-3 3 (2 8) 
Minor handicap 30-92 (65 2) 14-65 (24 8) 31-67 (51-7) 6 2-10 6 (93) 2 2-3 1 (27) 
Major handicap 47-100 (68 4) 10-39 (27 3) 42-69 (54 6) 6 4-10 0 (7 9) 2°1-4 4 (2 6) 
Fatalities 40-75 (51 5) 8-88 (38 5)! 22-53 (34 5)! 5 8-18 0 (99) 1 82:8 (2 3)! 


'p less than 0 05 
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in cerebra. perfusion pressure between intact 
survivors end fatalities (p<0:05), and sımilarly 
for intracranial pressure and the lowest Paco, 
recorded. Ne differences were observed im 
arterial oxygen tension (Pao), lowest mean 
blood pressure, and initial haemoglobin concen- 
trations. Fifteen out of 30 patients who survived 
received tozal parenteral nutrition (TPN) for an 
average of 10 days. Two of the nine patients 
who died received TPN. The complicatiors 
occurring Curing treatment are listed in table 4, 
with pneumonia most common ın 25 of the 39 
patients, including 21 of the 30 survivors (70%), 


Table 4 Mein complication 


3 


Complicanon 


ih 


Pneumona 
Pneumothorax 
Convulsicns 
Postextubation. stricor 
Disbetes insip-dus 
Morphine witk drawal 
Infections 

Urine 

Septic arthritis 

Sepucacmua 

Eye kevatitis 


Tatle 5 Appearances en computed tomogrephy (retrospective analysts) 


(a) (Imicai outcome assocacea with radio.ogicel indices of intracranial tension 
Normal third ventricle and cisterns 10 1 


One or both compresse] 
Dre or bcth obliterated 


(b) Clinical outcome associated with parerchymal lesions 
5 


Unikateral' 

Baateralt 

Diffuse axonal injury 
Ratsed intracranial pressurctt 
Normal 


No o Cond Pom Died 
Dauerds (normal + mmo ) (major) 
0 
12 4 4 4 
10 4 3 3 
7 l ] 
7 I 3 3 
9 4 2 3 
4 2 2 0 
5 5 0) Q 


"Un-lateral equals contusions in one cerebral herusp=rre or an ipsilateral cerebellar hemisphere 
}Bzelateral equals contusiors m both cerebral or cerebellar hemispheres 
fRased intrecranial pressure without parenchymal sions 





Figured Compu.ed tomogram showing early raised 
intracramal pressure and oblueration of the ambient cisterns. 
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as defined by radiographic changes, bacterial 
isolation, increased secretions, and increased 
oxygen requirements. 

Analysis of 32 available computed tomograms 
at the end of the study by two radiologists 
performed blind to the clinical information was 
then correlated with outcomes (table 5). Paru- 
cular attention was paid to signs of raised 
intracranial pressure (figs 4 and 5), the size of 
the basal cisterns and third ventricles (fig 6), to 
the presence of unilateral (fig 7) or bilateral 
contusions (fig 8), and to diffuse axonal injury 
(figs 9 and 10 A-D). In contrast figure 11 
demonstrates no significant intracranial lesion 
despite a skull fracture following a serious head 
injury. When the basal cisterns and third 





Figure5 Computed tomogram showing later raised 
intracranial pressure, obliteration of the third ventricle, and 
slit-hke compressed lateral ventricles. A large subgaleal 
haematoma 1s present in the nght frontotemporal region. 





Figure6 Computed tomogram showing a large acute left 
frontotemporo-occipttal extradural haematoma with marked 
mass effect and obliteration of the third ventricle Note 
internal loculanons and pseudomembranes. 
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ventricle were normal 90% of patients had a 
good outcome (normal or minor disability) 
whereas if compressed or obliterated 32% had 
major handicap and 32% died. When unilateral 
contusions occurred 71% had a good outcome, 
but with bilateral contusions only 14% had a 
good outcome. If diffuse axonal injury was 
noted 56% had a poor outcome. In the three 
patients with diffuse axonal injury and contusions 
all had a poor outcome. 


Discussion 
The results of this study compare favourably 
with other reported series, with 56% making a 





Figure7 Computed tomogram showing a unilateral left 
fronial haemorrhagtc contusion (arrow). 





Figure 8 Computed tomogram showing a small left frontal 
haemorrhagic contusion (straight arrow) and a large nght 
temporo-occiputal haemorrhagic contusion, The temporal horn 
of the right lateral ventnicle 1s distorted by the local mass 
effect (curved arrow) 
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good recovery with normal outcome or minor 
disability only compared with 36% reported by 
Becker et al’ and 45% in the series of Marshall et 
al' (table 6). As in other senes® the majority of 
our patients had been struck by motor vehicles. 

The use of surface cooling enabled the 
avoidance of barbiturate coma, and this meant 
that assessment of brain stem death could be 
made earlier. When confirmed this would 
enable earlier donor organ retrieval, and may 
improve the likelihood of successful donation 
from such unstable patients. 

The observation that intracranial pressure 
was highest in non-survivors was not surprising, 
nor was the lower cerebral perfusion pressures 
in this group. The approximate cut off of 
40 mm Hg for cerebral perfusion pressure 
delineating survivors and non-survivors was in 
accordance with previous studies.” 

Analysis has demonstrated a poorer survival 
with lower Paco, in the first 24 hours. Similar 
findings have been reported,!° suggesting that 
excessive hyperventilation early on after head 
injury may reduce cerebral blood supply below 
a level necessary to nurture the basal metabolic 
level of an already insulted brain. Although the 
numbers studied here were small, further analy- 
sis of possibly harmful hyperventilation in such 
critically injured patients is required. We would 
suggest frequent blood gas analysis, the use of 
end tidal carbon dioxide measurements and 
caution with over enthusiastic hand ventilation 





Figure9 Computed tomogram showing diffuse axonal 
injury and hr bt cortical and subcortical haemon hagic 


contusions in both cerebral hemispheres Note also a subtle 
typical haemorrhagic contusion tn the region of the body of the 
corpus callosum (arrow). 


Table 6 Outcome comparison with other studies (%) 








Becke Marshall Ehas-Jones 
at aF et al’ ei al 
(n= 160} (n=: 100) (2= 39) 
Good recovery 36 45 56 
Moderate disability 24 15 
Severe disability 10 12 2i 
Died 30 28 23 
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Figure 16 (A) Computed tomogram showing an example of diffuse axonal injury; a compound right temporal bone fracture 


with intracramal au overlying the nght frontal pole and int 


right ambient cistern is shown by arrowheads Note early subtle 


brain stem contusion (small arrow). (B) Same pateu showing gyral contusion in the left posterior frontal region (arrow). Note 
a than ngkt convexity subdural haematoma (arrowhzad) and small subcortical white matter linear lesions (small arrows). 

(C) Same patient foue weeks later showing that encephalomalact lesion has developed centrally within brain stem (arrow). 
Note ment of generalised atrophy in both the supratentorial and tnfratenional compartments with dilatation of temporal 
horns, basal cisterns, and fourth ventncle, (D) Partof the same scan as (C) showtme a focal area of encephalomalacia has 
developed at the sitz cf the left posterior frontal gyra. lesion (arrow) Further subcortical whute matter lesions are once again 


seen possioly representing gliding lacerations (small arrows) 





Figure 11 Computed tomogram showing a normal biam 
scan after serious head myury consequent to a heavy elow 
from a bhert instrument causing a comminuted left frontal 
fracture Thae is no sgmficant wuracramal lesior present 


of such patients, aiming for a Paco, in the band 
of 3:50 kPa. 

Analysis of the computed tomogram appear- 
ances has borne out other studies that oblitera- 
tion of basal cisterns and the third ventricle is a 
worrying sign.!! '* Combinations of contusions 
and diffuse axonal injury predict poor outcome 
in the few patients in this study. 

The initial Glasgow coma scores, while show- 
ing a trend to be lower in patients with poor 
outcomes, show considerable overlap between 
patient groups such that they cannot be relied 
upon to act as a basis for withholding full 
intensive care treatment. 

The incidence of pneumonia noted in this 
study was high; however this is a common 
occurrence 1n ventilated patients some of whom 
may also have aspirated at the time of injury. 
Although it is possible that surface cooling 
encourages pneumonic attack, the administra- 
tion of antibiotics with physiotherapy dealt 
effectively with this complication, and did not 
prejudice survival. Many of the patients were 


on 
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also receiving cimetidine which is also known to 
encourage bacterial pneumonia," and has led 
us to turn to alternative protective agents. 


CONCLUSION 

This study has demonstrated that a policy of 
surface cooling is effective and obviates the need 
for barbiturates and all the concomitant problems 
associated with the latter. 

Analysis of the initial Glasgow coma scores 
has shown considerable overlap; however a 
good outcome is expected if the score 1s 7 or 
more, whereas a score of 3 predicts death or 
severe permanent disability. A poor outcome is 
also associated with a low Paco, (%3:0 kPa) and 
a low cerebral perfusion pressure (<40 mm 
Hg). Consequently, maintenance of an adequate 
cerebral perfusion pressure over 50 mm Hg 
should be a primary aim of the treatment 
protocol. 

Radiological appearances that carry a poor 
prognosis are obliterations of the basal cisterns 
and third ventricle, bilateral hemispheric con- 
tusions and/or diffuse axonal injury. 
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Long term effects of periconceptional multivitamin 
supplements for prevention of neural tube defects: 
a seven to 10 year follow up 


Monica Holmes-Siedle, Jennifer Dennis, R H Lindenbaum, Annona Galliard 


Abstract 

Pericoaceptional supplementation with 
Pregnavite Forte F was offered to women who 
presented consecutively to the Oxford genetic 
counselling service in the early 1980s who 
had previously had one or more pregnancies 
complicated by a neural tube defect. The first 
100 children born alive to these women are the 
subject of this study. Birth weight, gestation, 
and ccngenital abnormalities were recorded. 
At age 2-5 years all 96 children remaining in 
the United Kingdom were assessed clinically 
and developmentally and behavioural infor- 
mation was obtamed by questionnaire. At age 
7-10 years, follow up of 91 children by tele- 
phone and postal questionnaire yielded further 
information about growth, general health, 
vision, hearing, and educational and 
behavioural status. Entry criteria excluded 
single mothers but the social class distribution 
of the sample was otherwise representative of 
the Oxfordshire population. There were no 
recurrences of neural tube defects. One child 
had radiological evidence of spina bifida 
occulta affecting only the fifth lumbar vertebra. 
One had an autosomal recessive disorder. 
Eight had random minor congenital anomalies. 
Birth weight for gestational age was signifi- 
cantly greater than for the local population 
and at age 7-10 years the girls were consider- 
ably taller than expected. Health, auditory, 
visual, and developmental status were no 
different from the general population. None 
of the children had special educational needs. 
None showed a major behaviour disorder but 
worries, fussiness, and fearfulness were highly 
significantly over represented. 


(Arch Ins Child 1992;67:1436-41) 


Periconceptional supplementation with Pregna- 
vite Forte F (Bencard) as a primary prevention 
of neural tube defects has been carried out in 
various centres in the United Kingdom for more 
than a decade.’ ? The publication of the results 
of the Medical Research Council trial showed 
similarly successful results for high doses of 
folic acid alone.* This will give added impetus 
to perkonceptional treatment. 

The administration of any drug to women 
during the critical period of organogenesis in 
the embryo is best avoided. In the original 
studies care was taken to monitor any birth 
defects present. This confirmed that no overt 
harm had been caused to the children by the 
multivitamin treatment." ê The possibility must 
be examined, however, that the vitamin treat- 
ment may have more subtle or indirect effects 


only seen later in life. This paper describes a 
long term study which addresses this question. 
We present medical, developmental, and 
behavioural data up to the age of 10 years for an 
unselected group of 100 children whose mothers 
received supplementation with multivitamins 
and folic acid in the periconceptional period. 


Subjects and methods 

SUBJECTS 

The subjects were women who had previously 
had one or more pregnancies complicated by a 
neural tube defect and presented consecutively 
to the Oxford genetic counselling service. They 
were with the same partners as for the previous 
pregnancy but were not yet pregnant again. 
These women were offered periconceptional 
supplementation according to the Smithell’s 
protocol.’ The supplement used was Pregnavite 
Forte F, a multivitamin preparation which 
includes folic acid (0°36 mg daily) and minerals. 
Those who accepted and took this for a minimum 
of 28 days before conception and continued at 
least until the second missed menstrual period 
were regarded as fully supplemented. The 
complete lack of recurrence of neural tube 
defects in the offspring of these Oxford women 
has been reported in the multicentre study of 
Seller et al.° The children in the present study 
were the first 100 children born alive to this 
group of women. This unselected group repre- 
sents the offspring of 93 women who delivered 
between April 1981 and June 1984. Six of these 
women had had two previous pregnancies com- 
plicated by neural tube defects and 87 one such 
previous pregnancy. Seven had two pregnancies 
during the study period and there was one twin 
pair. The mean length of preconceptional 
supplementation was 128 days; the maximum 
was 437 days. After conception the mean 
supplementation period was 107 days and the 
maximum 252 days. 


METHODS 

Birth information 

Information about birth weight and gestation 
was obtained from contemporaneous records at 
the time of delivery. Information about con- 
genital abnormalities was obtained from 
contemporaneous records supplemented by 
information from the women at the time of first 
follow up. 


Furst follow up (age 2—5 years) 
Children were seen in their own homes by the 
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principal investigator (MH-S). They were 
examined clinically and information about their 
general health and specific problems was 
obtained in standard format. Head circumference 
and height were measured. If a child had 
recently passed a health visitor’s hearing test no 
further hearing check was made but if not, 
children were tested using a Manchester rattle 
and the seven toy speech discrimination test. 
Vision was checked by the Stycar vision test; 
gross and fine motor, language, and social skills 
were assessed using the Denver developmental 
screening test (DDST)’? and the Richman 
behaviour screening questionnaire (BSQ)? was 
completed by the parents. 


Second follow up (age 7—10 years) 

The children were not seen personally. All the 
mothers were interviewed by telephone by 
MH-S following a standard format. Information 
was sought about general health together with 
their agreement to complete a postal question- 
naire. This produced information on height, 
weight, vision, hearing, and educational status. 
The parents were asked to comment on their 
child's development in relation to other children 
of the same age and to complete the Rutter 
behavioural scale (A2, for parents).’! 


Results 

Maternal age at delivery ranged from 22 to 39 
years (mean 29-2 years). Social class distribution, 
as determined by paternal occupation, differed 
from 1981 census figures for Oxfordshire!? in 
that only 3% were ascribed to the category 
‘other’ in contrast with 24% in the county. This 
is because a criterion for inclusion in this study 
was that the women should be with the same 
partner as when their previous child with neural 
tube defects had been conceived. This made it 


Giris 





Centile 


. Disiribunon of birth weight for gestational age for singleton 


group 
births according to Oxford standards.” 


1437 


unlikely that single mothers would be included. 
When this difference was allowed for the 
distribution within social classes I-V did not 
differ from the county population. 


FIRST FOLLOW UP 

Follow up was achieved for all 96 children still 
resident in the United Kingdom. There were 52 
boys and 44 girls. Age ranged from 22 months 
to 5 years (mean 3 years 6 months). Most were 
2, 3, or 4 years old. 


Burth information 

Information about birth weight and gestation 
was reliably available for 97 of the original 
sample of 100, including one twin pair. Ninety 
of the singleton pregnancies (95%) had continued 
beyond 38 weeks. Four babies (4%) had been 
born at 37 weeks and one (1%) at 36 weeks. The 
distribution of birth weight for gestational age 
for singleton births was slightly skewed to the 
right (fig 1) compared with Oxford standard 
birth charts.'? The excess of birth weights 
above the 50th centile was significant at the 1% 
level. 


Congenital abnormalities 

After reporting backache at the age of 5 years, 
one child showed radiological evidence of a 
small spina bifida occulta affecting only the fifth 
lumbar vertebra. She was one of a same sexed 
twin pair whose mother had previously given 
birth to one anencephalic and one normal girl. 
There were nine other children with abnormali- 
ties. One had an autosomal recessive disorder 
(oculocutaneous albinism). The other abnor- 
malities were one child each with pyloric 
stenosis, terminal hypospadias, thyroglossal 
cyst, left congenital corectopia (displaced pupil), 
positional talipes, and three boys with unilateral 
cryptorchidism. 


Clinical findings 

Inspection of the spine showed a skin covered 
sacral dimple in three children, one of whom 
had a father who was said to show a similar 
feature. The child with congenital corectopia 
had astigmatism, one child had a right conver- 
gent squint, and two were myopic. One child 
had brief absences. Three children had mild 
hearing loss due in one child to mumps 
meningitis and in the others to glue ear. 


Growth 

Data for height and head circumference (OFC) 
were analysed separately by sex and expressed 
as centiles for age according to Tanner- 
Whitehouse standards.'* The distribution of 
height for both sexes was slightly but not signi- 
ficantly skewed to the right. Head circumference 
showed a similar trend. As the OFC distribution 
among the general Oxford population was 
known to differ from Tanner-Whitehouse 
standards centiles were reassigned according to 
the data of Ounsted et al'> and a close match was 
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achieved. This suggests that the height dis- 
crepancy may also have arisen because the 
Tanner-Whitehouse norms are not relevant to 
our local population. 


Development : 
No child either ‘failed’ or was ascribed 


‘questionable’ developmental status -according 


to’ the set criteria for scoring the DDST. Four 
children (4%) showed delay in the Language 
sector of the test. This sector of the screening 
test shows poor sensitivity and identifies only 
53% of children who have expressive Enguage 
delay on formal speech and language evalua- 
tion.'® Richman et al, on formal eveluation, 
identified language delay in 20 of 105 (19%) 3 
year okis in an outer London borough” and 
Silva identified expressive language delay in 
13% of unselected Dunedin 5 year olds.'* Thus 
language delay in the study group, even allowing 
for the poor specificity of the test used, is 
unlikely to have been greater than in the general 
population. 


Behaviour 

Only one girl and one boy achieved scores of 11 
or more on the BSQ, which is the cut dff point 
suggesting behavioural disturbance. This 
represents only 2% of the study group (two of 
96). Stevenson and Richman found 14% (101 of 
705) of 3 year olds in an outer London borough 
scoring above this cut off,’ and in the original 
standardisaticn test sample five of 57 Sontrols’ 
(9%) were in this range. It thus seems that 
overall our study sample showed a lov level of 
behavioural disturbance compared with the 
general population. Item by item analysB showed 
fewer high scorers on all items except “worries’ 
where 4% scored 2 as opposed to 2:3% of the 
Stevenson sample. This difference does not 
reach statistical significance but is of imterest in 
relation to findings in the second follow up. 
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SECOND FOLLOW UP 

One further child had left the United Kingdom 
since the first follow up, two families were 
untraceable, and two families, though complet- 
ing the telephone interview, did not return the 
questionnaires. This left 91 children in the 
second phase of the study, 51 boys and 40 girls. 
Ages ranged from 7-1 to 10-2 years (mean 8-8 
years). 


General medical problems 

Respiratory problems, either current or pre- 
vious, were reported for 13 children (14%). 
These children were described as having 
‘asthma’ or as being ‘chesty’. Seventeen (19%) 
had had accidents, 13 (14%) having sustained 
fractures. Eleven (12%) were reported to have 
congenital/genetic disorders; 10 of these had 
been identified at the first follow up and the 
additional case was a previously unreported 
hydrocele. Sixteen (19%) children had had ear, 
nose, and throat problems, mainly glue ear. 
Eight children wore spectacles and a further five 
had ocular problems, giving a total of 14% with 
visual problems. Two (2%) had had meningitis 
(one mumps, one meningococcal). There were 
13 other miscellaneous problems. No problem 
group was over represented when compared 
with the general population of 7-10 year olds. 
Eighty four per cent were right handed, 13% 
left handed, and 3% ambidextrous. 


Growth 

Height measurements taken by mothers were 
analysed separately by sex and expressed as 
SD scores according to Tanner-Whitehouse 
standards (fig 2). The means for both sexes 
(boys +0°21 SD; girls +0°52 SD) were greater 
than the Tanner-Whitehouse norms, that for 
girls being significantly more so (p<0-02). 
These findings show that the heights of the chil- 
dren in the study at 7—10 years of age show the 
same upward shift compared with Tanner- 
Whitehouse norms as is found in all children in 
Oxfordshire at ages 3 and 4:5 years (D Dunger 
and J A Macfarlane, personal communication). 


Behaviour 

Children who score 13 or more on the Rutter A2 
scale are likely, on clinical evaluation, to be 
diagnosed as having psychiatric disorders. In 
this study five of 51 boys (10%) and one of 40 
girls (3%) scored at or above this cutoff point. 
Taking both sexes together six scored above the 
cutoff against an expected figure of 5-4 derived 
from Isle of Wight control subjects aged 9-12 
years.!! Thus the level of psychiatric disorders 
among the study group appears to be similar to 
that found in the general population. 

The 18 items scored on the Rutter scale can 
be grouped into four behavioural domains 
reflecting motor activity, relationships, anti- 
social behaviour, and neurotic traits. The scale 
has been adapted for 5 year olds by excluding 
two of the 18 items which are predominantly 
developmentally determined and Yule has 
obtained general population data for 396 Isle 


ore 
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Rutter behavioural scale item by utem comparison unth general population figures 





Siblings of those 
trth neural tube 
defect (mtamın 


supplement sample) 
(n=9]) 
Boys 51 
Gris 40 
Age (years) 7-10 
No (%) 
Motor items 
Restlessness 23 EA at 
Fidgety/squirmy 16 (18 
Twitches/tics 2 (2) 
Unable to settle 10 (11)! 
Relanonships 
Irritability 30 (33) 
Not much liked 4 (4) 
Solitary 16 (18) 
Antisocial 
Destructive 4 (4) 
Disobedient 35 (39) 
Lies 26 (29)'"! t 
Bullies 3 (3) 
Fights 16 (18)! 
Neurotic 
Worned 48 (53V t1! 
Miserable 19 (21°! 
Fearful 39 (43) 1! 
Fussy 25 (27 4)''' 


Isle of Wight Isle of Wight 
general population§ general population’! 
{n= 396) (n=2189) 
192 — 
204 zat 

5 9-12 
No (%) 3% 
206 (52)''! 3] 

93 (23) 12 

11 (3) 4 

88 (22)' 22' 

138 (35) 30 

7 (2) 5 

104 (26) 23 

50 (12) 4 

195 (49) 26° 

71 (18)! Te Nei 

25 (6) 5 

68 (17) 10* 

108 (27)''' 39° 

76 (19) E b 

81 (20) 27 

69 (17)' 16'* 


*p<0 05; ''p<0 01; **'p<0 005, comparison with 9-12 year old general population group 
'p<0 05, ''p<001, '''p<0 005, companson with 5 year old general population group. 


corrected for continuity. 
Personal communication, W Yule. 


of Wight 5 year olds using this adaptation 
(W Yule, personal communication). Item by 
item analysis (see table) was carried out compar- 
ing the study group with the two Isle of Wight 
samples. This shows that compared with these 
general groups those items which reflect motor 
restlessness and attention deficit were scored 
less often for the study group while those 
reflecting neurotic traits (worries, misery, fear- 
fulness, and fussiness) were notably, and often 
significantly, over represented. With respect to 
antisocial items, a tendency to disobedience and 
fighting appeared to be developmentally graded 
but significantly more of the study group chil- 
dren told lies than in either the 5 or 9-12 year 
old population groups. 


Schooling 

All children were in mainstream schools. None 
had attended special needs provision either at 
nursery or school age. One 9 year old was 
receiving help from a speech therapist and three 
other children had had speech therapy in their 
preschool years. Eight of the children (8%) were 
receiving extra help in school with reading, 
writing, or other learning skills. All these 
children were above the age of 8°5 years (mean 
age of sample 8'8 years). 


Discussion 

In our group of 100 children at relatively high 
risk of a neural tube defect because of a 
previously affected sibling, three or four lesions 
of the neural tube would have been expected. 
No open lesions were present but in this 
detailed examination one child with spina bifida 
occulta was identified; this affected the fifth 


lumbar vertebra only. Fawcitt’s review suggests 
that the incidence of spina bifida occulta may be 
as high as 94% in the 0-5 year old group,”° with 
isolated LS defects occurring in 15% of this 
group. If radiographed after a few years, it is 
likely that these children would be considered 
to be normal. Thus we believe that the spina 
bifida occulta found in one child ın this 
study should not be regarded as a recurrence of 
a neural tube defect. Similarly the finding of 
three children with a skin covered sacral dimple 
is within the expected range as stated by 
Méhes.*' There was no increase above expected 
numbers for other congenital malformations. 
This adds further support to evidence that 
Pregnavite Forte F is not teratogenic. 

A higher proportion of pregnancies progressed 
to term than is usual, the birth weights for 
gestational age of the children were greater than 
expected for the local population, and there is 
some suggestion that growth has been enhanced 
among the girls. This latter finding cannot be 
confirmed until contemporary growth standards 
for the United Kingdom population become 
available.** 

The children have all had good health and 
there is no evidence that major learning difficul- 
ties or sensory impairment are over represented. 
The possibility that subtle cognitive deficits 
could nevertheless be present could only be 
tested by individual neuropsychological assess- 
ment. 

The behavioural findings are of interest in 
that worries, fearfulness, and fussiness are 
notably over represented among the 7-10 year 
olds and a trend towards being overworried was 
already emerging in the same group at an age of 
2—5 years. The simple explanation of this is that 
these neurotic traits have arisen secondarily to 
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maternal anxiety about the child. All the women 
had had a previous pregnancy with a neural 
tube defect. For many this had resulted in the 
birth of a liveborn child and all that entailed 
in terms of handicap, suffering, and death. For 
most of the women the children in this study 
were tne first to be born after the affected child. 
It would not be surprising if maternal anxiety 
about these children extended far beyond the 
early months of pregnancy and if their previously 
distressing experiences of childrearing deter- 
mined a style ot parenting likely to produce 
anxiety in the child. There was indeed anecdotal 
evidence from the women that this was so. For 
instance, one mother of a 9 year old child 
recounted that she still remained outside the 
school gates far 10 minutes after the children 
had gone in, feeling unable to leave in case her 
child needed her. 

This interpretation of the findings must, 
however, be set alongside the fact that worries, 
fearfu_ness, and fussiness can be organically 
determined. The most compelling information 
derives from two studies. Udwin and coworkers 
have evaluated the psychiatric aspects of children 
and adults with*Williams’ syndrome (idiopathic 
infantle hvpercalcaemia).”* ** The Rutter 
parent scale was used and as in the study 
reported here the findings were compared with 
the Isle of Wight control data. A second 
comparison group was a group of children with 
mental handicap from causes other than idio- 
pathic infantile hypercalcaemia. A distinct 
behavioural phenotype including a high inci- 
dence of worries, fearfulness, and fussiness was 
found for the children with idiopathic infantile 
hypercalcaemia and these features were enhanced 
and often disabling in adult life. The conclusion 
was that these features were likely to be 
biologically determined. The second study which 
supports this idea is that of Shaffer et al who 
examined the relation between neurological 
‘soft signs’ and behaviour in a subsample of 7 
year cld children who had been enrolled in the 
US collaborative perinatal project in 1962 and 
1963.*> Those with ‘soft’ signs scored signifi- 
cantly higher on the dependency/withdrawal 
scale (which included ratings for fearfulness, 
self confidence, and need for attention/help), 
but not on the hyperactivity or aggression 
scales. This pattern of psychiatric functioning is 
similar to som2 of the siblings of children with 
neural tube detects in this study. 

In the context of this study it is possible that 
these features represent a behavioural phenotype 
associated with the genetic determinants of 
neural tube defects. Vitamin supplementation 
could prevent expression of the majar physical 
manifestation but not all other genetic effects. 
The possibility also has to be considered that 
the -ehavioural attributes could be actually 
determined by periconceptional vitamin supple- 
mentation. The relative importance of all three 
possible determinants (parenting style, genetic 
influences, and periconceptional vitamin supple- 
mentation) could be tested by a relatively simple 
multicentre benavioural study of children 
including those born before and after an index 
child with a neural tube defect and those born 
after an index child with a neural tube defect 
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who have or have not had periconceptional 
supplementation with Pregnavite Forte F. 
Databases exist in sufficient centres to make 
this possible and the findings would be of great 
importance for families at risk of neural tube 
defects. 

It must be noted here that it is not possible to 
speculate on the applicability of our results to 
the children reported in the recent Medical 
Research Council randomised multicentre 
study.* In that study mothers received folic acid 
alone (4 mg/day) during the periconceptional 
period. Pregnavite Forte F provides only 0°36 
mg folic acid daily together with a cocktail of 
vitamins and minerals. 


CONCLUSIONS 

Periconceptional vitamin supplementation had 
a protective effect on 100 children assessed in 
that there was no recurrence of neural tube 
defects. No harmful effect was detected. A 
possible beneficial effect was noted on growth. 
Over representation of worries and anxiety 
among the children at age 7—10 years merits 
further inquiry. 
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Not by vitamin A alone 

A good deal of excitement has been generated by trials showing 
considerable reductions in mortality in children in Asia given 
supplements of vitamin A (see Archivist 1992, p288). Now a trial 
done in northern Sudan points to possible limitations of this 
approach (M Guillermo Herrera and colleagues, Lancet 19923340: 
267-71). 

In a double blind placebo controlled trial 28 753 children aged 
between 9 and 72 months were given either 200 000 IU vitamin A 
plus 40 TU vitamin E or 40 IU vitamin E alone every six months 
for three doses. Those with clinical evidence of xerophthalmia 
were treated with vitamin A and excluded from the trial. No effect 
on mortality was demonstrated. Of 14 455 children given vitamin 
A 123 died and in the placebo group there were 14 298 children 
and 117 deaths. No subgroup was identifiable in whom vitamin A 
significantly reduced mortality. Signs of xerophthalmia were 
reduced but not abolished in the treated group. 

There are a lot of unanswered questions. Other studies in which 
the vitamin has been given more frequently (200 000 IU every 
four months) or in a lower dose much more frequently (8333 IU 
weekly) have shown reductions in mortality of between 30 and 
54%. It may simply be, therefore, that a dose of 200 000 IU every 
six months is not enough. There is evidence that supplementation 
is more effective where existing rates of mortality are higher. It is 
possible too, that vitamin A supplementation is more effective in 
areas where natural vitamin A intakes are lowest but the evidence 
from the trials done so far would not suggest that. Other factors 
which may alter the effect of giving vitamin A include diet, 
intestinal parasites, and prevalent bacterial or other pathogens. In 
this study a low baseline dietary intake of vitamin A was 
associated with increased mortality suggesting that dietary fortifi- 
cation might be more effective than giving large doses infrequently. 

The study is a reminder, if one is needed, that vitamin A 
supplementation, important as it may be, cannot be the whole 
answer. Reducing poverty, improving nutrition, and reducing the 
burden of microbiological assault must remain the goals. 
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A randomised trial of low dose folic acid to prevent 


neural tube defects 
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Abstract 

A randomised trial was initiated in Ireland in 
1981 to determine if periconceptional supple- 
mentation with either folic acid alone or a 
multivitamin preparation alone could reduce 
the recurrence risk of neural tube defects 
(NTDs) in women with a previously affected 
pregnancy from 5-0% to 1-0% or less. The 
trial was concluded before the initial target 
number of study subjects was reached and 
without a clear treatment effect being observed. 
A total of 354 women were randomised to 
receive one of three treatments: folic acid, 
multivitamins without folic acid, and folic acid 
plus multivitamins. At the end of the trial 257 
women had had a first trial pregnancy outcome 
(261 infants/fetuses) where the presence or 
absence of NTDs was ascertainable. There 
was one NTD recurrence in the 89 infants/ 
fetuses of women in the multivitamin group 
and 20 recurrence in the 172 infants/fetuses 
of women in the folic acid groups, a non- 
Signilicant difference. Otherwise eligible 
women who were pregnant when first contacted 
constituted a non-randomised control group; 
there were three recurrences among the 103 
infants in this group. The difference in the 
recurrence rate between the folic acid groups 
and the non-randomised controls was statisti- 
cally significant but we have reservations 
about the validity of this comparison. Although 
our findings do not provide clear evidence of a 
protective effect of folic acid supplementation 
they are consistent with those of the Medical 
Research Council (MRC) trial which demon- 
strated the efficacy of folic acid in preventing 
recurrence of NTDs and they raise the possi- 
bility that folic acid may be protective at a 
much lower dosage than that used in the MRC 
trial. 


(Arch Dis Child 1992,67:1442-6) 


In 1980 Smithells et al reported the results of a 
non-randomised study showing a reduction in 
the prevalence rate at birth of neural tube 
defects (NTDs) from 5% in unsupplemented 
mothers to 0°6% in mothers given periconcep- 
tional vitamin supplementation ‘Pregnavite 
Forte F, Bencard).* Because of the high fre- 
quency of these births defects in Ireland? and 
the problems in drawing conclusions’ from the 
studies by Smithells et al! * and Laurence et al,’ 
a randomised double blind trial was launched in 
Dutlin in 1981 to determine if periconceptional 
supplementaticn with either folic acid alone or a 
multivitamin preparation alone could reduce 
the recurrence risk of NTDs in women with a 


previously affected offspring. Subsequently a 
randomised trial examining this issue was 
initiated in 1983 by the British Medical Research 
Council (MRC) and the results have recently 
been published.°® 


Methods 

The study was conducted in 12 Irish hospitals, 
four of which were in Dublin, with the Health 
Research Board as the coordinating centre. The 
participating clinicians and hospitals are given 
at the end of the paper. 


AIM AND SAMPLE SIZE 

The aim of the trial was to determine if 
periconceptional supplementation with either 
folic acid alone or a multivitamin preparation 
alone would reduce the recurrence risk of 
NTDs in women with a previously affected 
offspring from 5% to 1% or less. This was 
similar to the reduction achieved by Smithells 
etal. 

Various experimental designs were considered 
including a randomised four arm factorial study 
with a placebo group receiving no active treat- 
ment. Though the final choice of three groups 
had certain disadvantages, we felt that the 
possibility of being assigned to a placebo group 
could, in the light of the publicity at the time 
(1981) about Pregnavite Forte F and vitamins 
generally, be a cause of undue anxiety to 
participants and could adversely affect recruit- 
ment. Thus the main analysis of our study was 
based on two comparisons. The proportion of 
births of NTDs occurring to women taking 
multivitamins (two thirds of the sample) was 
compared with the proportion occurring to 
women not taking multivitamin tablets (one 
third of the sample) and the second comparison 
was similarly between women receiving folic 
acid and those not receiving folic acid. 

On the assumption that either folic acid alone 
or multivitamins alone reduced the recurrence 
rate of NTDs from the population level at that 
time’ of 5:0% to 1:0%, a total sample of 462 
pregnancy outcomes (154 in each group) was 
required for our trial to have an 80% chance of 
detecting this at a 5% level of statistical signifi- 
cance. 

Ethical approval for the trial was obtained 
from each participating hospital and recruit- 
ment commenced in December 1981. We esti- 
mated that our target number of informative 
(presence or absence of NTD ascertainable) 
pregnancies might be reached by 1989 but 
unanticipated declines of 65% in the prevalence 
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at birth of NTDs and 20% in the number of 
births in the Dublin maternity hospitals over 
the study period greatly reduced the number of 
affected births and when the rate of recruitment 
fell to an average of 1-3 women per month in 
late 1987 it was decided to end the mial. 
Randomisation ceased in January 1988 and 30 
April 1990 was set as the closing date for the 
entry of pregnancy outcomes to data analysis. 


ENTRY AND EXCLUSION CRTIERIA 

Women who had had a baby with a NTD and 
who were not pregnant when contacted by the 
study team but were planning a further preg- 
nancy were eligible for inclusion. A NTD was 
defined as anencephalus, miencephalus, encep- 
halocoele, and spina bifida aperta. Women with 
conditions likely to result in impaired absorp- 
tion from the gastrointestinal tract were 
excluded. 


RECRUITMENT AND RANDOMISATION 

Potential study subjects were identified by 
means of registers of cases of NTDs in partici- 
pating hospitals. Eligible women were invited to 
discuss the trial and were given relevant 
information. Women who entered the trial gave 
verbal consent and were randomly allocated to 
one of three treatment groups: folic acid only 
(group F), multivitamins excluding folic acid 
(group M), and folic acid plus multivitamins 
(group FM). Random allocation was achieved 
by using consecutively numbered, opaque, sealed 
envelopes. Block randomisation was employed, 
12 subjects per block, stratified by hospital. 


TRIAL MEDICATION 

The study was designed as a double blind trial. 
Beecham Pharmaceuticals (UK)  imtially 
provided similarly presented white multivitamin 
tablets without folic acid (Pregnavite Forte) and 
with folic acid (Pregnavite Forte F—as used by 
Smithells et al! ®©. Glaxo (ireland) Ltd manu- 
factured a matched folic acid tablet. Although 
Beecham Pharmaceuticals (UK) initially agreed 
to supply the tablets for the full duration of the 
study their support was withdrawn one year 
later when 55 mothers had been randomised. 
Thereafter the commercially available Pregnavite 
Forte F (purple colour) was used and Antigen 
Pharmaceuticals produced a white multivitamin 
tablet without folic acid. It is felt that this 
partial loss of blinding did not materially affect 
the study outcome. 

Trial participants were instructed to take one 
tablet three times daily for at least two months 
before conception and until the date of the third 
missed period. Compliance was based on tablet 
counts and blood tests but these results are not 
reported here. Tablets for women in the folic 
acid groups provided a daily dose of 0°36 mg of 
folic acid (0-12 mg/tablet). Tablets in the 
multivitamin groups provided daily doses of 
vitamin A 4000 IU, calciferol 400 IU, thiamine 
hydrochloride 1:5 mg, riboflavine 1:5 mg, 
pyridoxine hydrochloride 1 mg, nicotinamide 
15 mg, ascorbic acid 40 mg, calcium phosphate 
480 mg, and ferrous sulphate 252 mg. 
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Throughout the trial Hoffman La Roche in 
Switzerland and Glaxo in Ireland carried out 
regular assessments of the stability of the 
multivitamin and folic acid tablets, respectively. 


STATISTICAL ANALYSIS 

Statistical analysis was based on 95% confidence 
intervals (CI) and two sided hypothesis tests 
with a 5% level of significance. For continuous 
variables the Student’s ¢ distribution was 
employed for significance tests. For the analysis 
of 2x2 tables comparing rates in two groups, an 
uncorrected y” test was employed inall situations. 
Use of the uncorrected x? gave rise to some 
statistically significant effects in situations where 
the usually accepted method, Fisher’s exact 
test, failed to do so. There is now, however, an 
increasing body of literature which states that 
neither Fisher’s exact test nor Yates’s corrected 
x? are appropriate tests for tables arising from 
particular types of study design including 
clinical trials.? It is now suggested that the 
uncorrected y? should be used for all such 2x2 
tables including those with smal! numbers 
where expected frequencies fall below five.’ 
Group comparisons in 2x2 tables were based on 
the difference between the component rates or 
proportions. The CI were test based’? using the 
uncorrected y* test. Social class, based on 
husband’s occupation, was coded using the 
Irish Central Statistics Office’s social class 
code. !! 


Results 

During December 1981-January 1988, 354 
eligible women were randomised as follows: 115 
to the folic acid group (F), 119 to the multi- 
vitamin (no folic acid) group (M), and 120 to the 
folic acid plus multivitamin group (FM). 
Altogether 81:4% of the women were rando- 
mused in the four Dublin hospitals. 

At the time of contact by the study office 116 
otherwise eligible women were pregnant and 
thus could not be randomised. Ten of these 
women entered the trial after this pregnancy 
and they are included in the analysis as trial 
participants only. The remaining 106 are in- 
cluded as a non-randomised control group. 

Selected baseline data and pregnancy status at 
the end of the trial are presented for the three 
randomised groups and the non-randomised 
control group in table 1. When the trial ended 
in April 1990, 263 women who remained 1n the 
trial had completed a pregnancy, 16 women 
were not pregnant, and 75 had withdrawn from 
the study (table 1). After withdrawal, 18 of the 
75 women completed a pregnancy before the 
end of the trial, five becoming pregnant within 
six months of withdrawing (table 1). Thus 281 
randomised women had completed a preg- 
nancy. 

Seventy five women withdrew from the trial 
for the following reasons. Sixty six women said 
that they were no longer interested in a further 
pregnancy. The reasons given were: family or 
marital problems (n=7), fear of recurrence 
(n=7), advanced maternal age (n=4), and 
medical problems such as hysterectomy (n=5), 


1444 


infertility (n=5), and other medical problems 
(n=12). ““weaty six gave no specific reasor.. 
Side effeczs o: the study treatments were mer- 
tioned by twc women. Four women had to te 
withdrawm frcm the study because they wanted 
to take Fregnavite Forte F. There were po 
significan: differences between the randomised 
groups in reasons jor withdrawal. Three women 
who could not be contacted for compliance 
visits eventua ty had to be withdrawn from tke 
trial and vere lost to follow up. 

The outcomes of the first pregnancy in the 
trial for randomised women and the nom- 
randomised control pregnancies are shown m 
table 2. sixteen of the 25 spontaneous fetal 
deaths were examined by a pathologist and it 
was possible to determine the presence or 
absence of MTDs in two cases (that is, two 
informative pregnancies); neither case had a 
NTD. Recurrence rates of NTDs are expressed 
as proportions of infants/fetuses in informatire 
pregnancies. There was no recurrence of NTDs 
among th2 172 infants/fetuses in the two groups 
on folic acic compared with a single NTD 
recurrence (e stillbirth with anencephalus) n 
the 89 infarts/fetuses in the non-folic ac.d 
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(multivitamin only) group (rate difference 1° 1%; 
95% CI 0'4 to 2°4%). In the two multivitamin 
groups the recurrence rate was 1/176 and there 
was no recurrence in the 85 infants/fetuses in 
the non-multivitamin (folic acid only) group 
(rate difference 0°6%; 95% CI —1°0 to 2°2%). 

There were three recurrences in the 103 
infants/fetuses in the non-randomised controls. 
The difference in the recurrence rate between 
the folic acid groups (no recurrence) and these 
non-randomised controls was significant (rate 
difference 2°9%; 95% CI 0°4 to 5-4%). Signifi- 
cance was not evident, however, when the non- 
folic acid group was combined with these non- 
randomised subjects to give a recurrence of 
4/192 (rate difference 2°1%; 95% CI —0°1 to 
4:2%). There were two stillbirths (anencephalus 
and a baby with polycystic kidneys and cleft lip) 
in the multivitamin group (2/96=2:1% of all 
infants/fetuses) and none in the folic acid groups 
(0/189) (rate difference 2°1%; 95% CI 0°03 to 
4:2%). Other fetal and neonatal outcomes are 
presented in the appendix. 


Discussion 
The purpose of this trial was to examine the 


Table] E.aselrte characteristics and pregnancy status at end of trial for tnal and non-randomised control groups 








Randomisation group Non-randomued 
controls 
Fol acd Mf ulirmtamns Folie acid plus Allrandomused = (n= 106) 
(F, n=1 f5} (M, r=119) mrulitoitamnins subjects 
(FM ,n=120) (n=354) 
Maternal agr (years) mean (SD) 31 9(5 0) 30-6 (4°3) 31 4(4 5) 31 3(4°6) 31 3(5 0) 
No (%) married 114(99 1) [17 (98-3) 118 (98 3) 349 (98 6) 105 (99 1) 
No (%) un samal ¢ asses 5 and 6 22 (19 I) 29 (24°4) 26 (21 6) 77 (21 8) 38 (35 9)! 
Previous obsestric Fistory 
Mean (SD) Wo of 
Births of HTD: 1 07 (0 26) | 04 (0-24) I 07 (0°28) E 06 (0°26) 1 04(0 19) 
Spontanesus gboruons 0-63 (1 00) 0°63 C1 06) 0 53 (0 93) 0 59(1 00) 0:58 (1 14) 
otal precnancces 2°98 (3 78) 295(1 77) 3 031 72) 2 99 (1°75) 3 91(2 14) 
No (%) with spon-ancons abortion in 
immediately pr>ceding pregnancy 20 (17 4) 14(11°8) 14(1] 7) 48 (13 5) 9(8 5) 
Pregnancy sratus a close of trial 
No (%) pregnant 93 (80-9) 95 (79 8) 93 (77 5) 281 (79 4) 106 
Non-withdraw:! 85 93 85 263 
Withdrawal 8 2 8 18 
No (%) not pregnant 22 (19 1) 23 (19 3) 25 (20 8) 70 (19 8) 
Non-withdraw=! 4 4 8 16 
Withdrawal 18 19 17 54 
Pregnancy satus not known m 
withdrawals — 1(0 9) 2(1 7) 3(0 8) 
“Randomised subjects 2 non-randomused conzrols. p<0 01 
Table 2 Pregnancy outcome in rial and non-randomsed control groups 
Raudomnsation grow? Non-randomtsed 
controls 
Fohc acid A uliroitamins Fohc acid plus All randomised (n= 106) 
(F, n=115) tM, n=19) multrouamms subjects 
(FM, n=120) (n=354) 
Informative outcome total) 85 39 87 261 103 
[1] 1] [2] [4] [3] 
Ko (%) of: 
hie itis 85 (90:4) 37 (90-6) A (89 5) a (90 2) n (90-8) 
[i] . 
Sullbirths — 2 (2 i) — 2 (07) 4 3:7) 
Spontaneous sbornons — — 2 (2°1) 2 (0°7) = 
Non-inforn.atve outcome (total) 9 7 8 24 6 
No (%) of 
Sponingaus sbortions 9 (9 6) 7 (7°3) ; es = a) 6 (5-5) 
opic — ame — 
Total No (%) a: infants/fetuses 94 (100 0) rt (100-0) A (100-0) a (100-0) = (100-0) 
l 
Total No »f pregnannes 93 ] 06 
No of wornen rot pregnant 22 23 25 70 — 
Pregnancy status unknown — ] 2 3 — 


Sn ge E E a a a ee a a 
Unless othe rwrse stated, the data relate to wnfants/fetuses resulting from the first pregnancy on the tnal Figures in lower parentheses 


indicate ourcbers of twin 


wcluded. 


o stanstzally significant erences between randomised groups 
*Randomused subjects v non-randomised controls: p<0 05 
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results of Smithells et a/' using a randomised 
design. Due to a marked fall over the study 
period in the number of eligible participants, it 
became necessary to end the trial prematurely 
without the initial target number of participants 
teing reached and without a treatment effect 
being clearly established. 

There was one NTD recurrence in this trial 
which occurred in the non-folic acid group. 
There were no significant differences in 
recurrence between the randomised groups. 
With only one recurrence it is obviously difficult 
to draw any major conclusions. The difference 
in the recurrence rate between the folic acid 
groups and the non-randomised controls was 
statistically significant (p=0-02) but when the 
multivitamin only group (who did not receive 
folic acid supplementation) was combined with 
the non-randomised controls (who probably did 
not receive folic acid supplementation), the 
difference just failed to reach statistical signifi- 
cance (p=0°06). This analysis is contingent on 
accepting the appropriateness of the statistical 
test used (see methods). Furthermore, as this is 
a comparison between a randomised group and 
a non-randomised control group, we feel that 
this finding should be interpreted with great 
caution. Despite our reservations these results 
are presented in view of the important question 
of high versus low dose folic acid in preventing 
NTDs.!* 

The very low recurrence rate in the randomised 
women (0°4%) may have been due to self 
selection into the trial by women with a low 
recurrence risk. A comparison between the 
randomised women and the non-randomised 
controls for the risk factors for recurrence 
showed no consistent differences between the 
groups, although the control women had more 
previous births and were more likely to be in the 
lower social classes. Other confounding factors 
not investigated, for example, diet, may have 
contributed to the difference in recurrence 
rates. Baseline characteristics were similar for 
the three randomised groups, however. 

Our findings are consistent with those of the 
MRC trial which demonstrated the efficacy of 
folic acid in preventing NTD recurrence.® The 
absence of any NTD in the 169 women allo- 
cated to folic acid suggests that folic acid may 
also have been protective in our study. Should 
this be so, it raises the important consideration 
that folic acid may be protective at a daily 
dosage of 0°36 mg as used by us as well as at the 
much higher dosage of 4 mg used in the MRC 
trial. In the non-randomised studies conducted 
by Smithells et al,’ * women supplemented with 
Pregnavite Forte F, which contained a daily 
dose of 0°36 mg of folic acid, had a consistently 
low recurrence rate of 1-0% or less. However, 
the dangers of comparisons with non- 
randomised studies are well documented. We 
emphasise that our findings, taken on their 
own, do not provide clear evidence of a protec- 
tive effect of either folic acid or other vitamins. 

Based on the criteria for registering congenital 
malformations by the population based Dublin 
Eurocat Register of congenital malformations 
and excluding NTDs, 12 (4°6%) of the babies in 
the randomised, groups had one or more con- 
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genital malformations compared with 2°8% of 
babies in the Dublin Eurocat register during 
1982-87 (p=0-08).'> A possible explanation for 
the higher rate in the trial is that ascertainment 
may have been more complete in these babies. 
It was interesting to note that women in the 
non-folic acid group had a higher stillbirth rate 
which was accounted for by two babies with 
congenital malformations (including the NTD 
recurrence). 

The MRC trial provides evidence that peri- 
conceptional supplementation with folic acid 
reduces the recurrence risk of NTDs and 
recommends a daily dose of 4 mg of this 
substance. We propose that this advice should 
be offered to Irish women, although we have 
some reservations at the moment about the need 
for and safety of this high dose of folic acid.'* 
Further research on this and other aspects is in 
progress. 


Appendix 

FETAL AND NEONATAL OUTCOMES 

Among the randomised women there were 13 
infants/fetuses reported as having a congenital 
malformation excluding the NTD recurrence (a 
stillbirth with anencephalus) but including the 
other stillbirth with polycystic kidneys and cleft 
lip. There were seven major malformations: one 
in group F (bilateral corneal ectasia with agenesis 
of the corpus callosum), four in M (polycystic 
kidneys with cleft lip, congenital mitral insuffi- 
ciency, polydactyly, and pyloric stenosis), and 
two in FM (urethral obstruction and cystic 
fibrosis). Six minor malformations were 
reported: four cases of congenital dislocation of 
the hip (one in group F and three in group FM), 
talipes (group F), and scaphocephaly (group 
M). Three babies had anomalies of interest in 
that they might possibly be related to NTDs. 
One baby in group F had a postanal dimple; a 
baby in group M had a pilonidal sinus at the 
base of the lumbar spine and a radiograph 
showed slight widening ot the lumbar spine; a 
baby ın group FM had a sacral naevus without 
underlying bony defect seen on radiography. 
Three major congenital malformations were 
reported in the control group: hydrocephalus 
(without spina bifida), oesophageal atresia, and 
transposition of the great vessels. During the 
neonatal period one baby in group M developed 
Escherichia col: septicaemia and another in 
group FM had necrotising enterocolitis. 


Members of the Insh Vitamin Study Group include Professor E J 
Guiney (chairman), Our Lady’s Hospital for Sick Children, 
Dublin; Dr P N Kirke (study director), Health Research Board, 
Dublin, Dr D MacDonald, National joe Hospital, Dublin, 
Dr J Drumm (formerly Professor N M Duignan), Coombe 
epi Dublin; Dr I J Dalrymple, Rotunda Hospital, Dublin, 
Dr K Connolly, Portuunculk, Ballinasloe, Co Galway, Professor J 
Bonnar (formerly Dr T D Hanratty, deceased), St James's 
Hospital, Dublin, Dr R Counahan, Regional Hospital, Waterford, 
Dr P J K Conway, Portlaoise Gent Hospital, Dr H Murphy, 
Wexford General Hospital, Dr D Corcoran, Castlebar General 
Hospital, Dr P Chamberlain, Galway Regional Hospital, Dr M 
Skelly, Mullingar General Hospital; Dr A J] Moran, St Luke’s 
General Hospital, Kilkenny, Dr L E Daly, University Coilege, 
Dublin, Professor J M Scott, Tmnity College, Dublin, and 
Dr J H Elwood, University of Kent at Canterbury. 
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Dublin, Dr P N Kirke, Ms J Murtagh, Ms P Lawler, Ms B 
Fitzpatrick, and Ms H Burke 
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If children and adolescents have a relatively high intake of 
calcium then peak bone mass (PBM) achieved in early adulthood 
is likely to be greater. 

If PBM is higher, then bone mass in later life is also likely to be 
higher and fractures in middle and old age less common. 

If hip fractures occur in people with osteoporosis there may be 
an associated mortality of up to 20%. 

If children develop a dietary habit it may persist when they are 
adults. 

If people take more exercise, that too leads to them having a 
greater bone mass. 

If the recommended dietary intake of calcium in childhood is 
increased will it be wholly beneficial. 

If children take more calcium they are likely to do so by taking 
more milk. Would that be entirely a good thing? 

If one of a pair of identical twins is given capsules of calcium 
citrate malate daily for three years and the other twin is given 
placebo then, provided they remain prepubertal at the end of the 
three years, the one given extra calcium will achieve a greater bone 
density (C Conrad Johnston Jr and colleagues, New England 
Journal of Medicine 1992;327:82-7. 

H I were a parent of twins I think I'd want to protect them from 
researchers. 

If calcium is present in the human body with the same relative 
abundance as in the earth’s crust and the ratios of the various 
isotopes of calcium in all things terrestrial were determined 
4°5 billion years ago (Velimir Matkovic, leading article, New 
England Journal of Medicine 1992;327:119—20) how could anybody 
top that as a piece of information? 
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Immunohistochemical features of the portal tract 
mononuclear cell infiltrate in chronic aggressive 


hepatitis 


Giorgio Senaldi, Bernard Portmann, Alex P Mowat, Giorgina Mieli-Vergani, Diego Vergani 


Abstract 

The portal tract mononuclear cell infiltrate 
has been characterised in 28 liver biopsy 
samples showing features of chronic aggressive 
hepatitis from 12 patients with autoimmune 
chronic active hepatitis, 12 with primary 
sclerosing cholangitis, and four with other 
chronic liver diseases (two with a;-antitrypsin 
deficiency, one with Wilson’s disease, and 
one with chronic hepatitis B infection). In all 
patients liver disease had started in childhood. 
The mononuclear cell infiltrate was investi- 
gated by a two step immunoperoxidase techni- 
que using monoclonal antibodies to: total, a/f 
T cell receptor positive, helper/inducer, 
suppressor/cytotoxic T lymphocytes; B lym- 
phocytes; killer/natural killer cells; monocyte/ 
macrophages; and to the activation markers 
HLA-DR antigens, interleukin 2 receptor 
(IL-2R), transferrin receptor, and 4F2Ag. In 
all samples the infiltrate consisted of mainly 
WB T cell receptor T lymphocytes. Although 
T helper/inducer cells predominated in 
patients with autoimmune chronic active 
hepatitis, T suppressor/cytotoxic lymphocytes 
were preponderant in patients with primary 
sclerosing cholangitis and the other chronic 
liver diseases. Killer/natural killer cells 
accounted for up to 25% of the mononuclear 
cell infiltrate in patients with autoimmune 
chronic active hepatitis, being rare or absent 
in the other diseases. Monocytes/macrophages 
were always found, but they were more 
numerous in primary sclerosing cholangitis 
than in the other chronic liver diseases. 
B lymphocytes were rare or absent in all 
subjects. Activated mononuclear cells were 
present in all subjects, but although in patients 
with autoimmune chronic active hepatitis and 
primary sclerosing cholangitis most cells of 
the infiltrate expressed HLA-DR antigens and 
up to 75% IL-2R, in other forms of chronic 
liver diseases HLA-DR positive cells were 
less common and IL-2R positive cells were 
rare or absent. These results show that the 
cells responsible for the histological charac- 
teristics of chronic aggressive hepatitis vary in 
their functional phenotype and state of activa- 
tion according to the type of underlying liver 
disorder, confirming the involvement of 
different pathogenetic mechanisms. 


(Arch Dis Child 1992;67:1447-53) 


Mononuclear cell infiltrate and piecemeal 
necrosis are the histological hallmarks of chronic 
aggressive hepatitis.' * They are observed in a 
number of chronic liver diseases of various 


aetiologies. It is believed that among the infil- 
trating mononuclear cells are the effectors of 
piecemeal necrosis and the stimulators of fibro- 
genesis, which ultimately result in loss of 
hepatic parenchyma and cirrhosis.” 

Since monoclonal antibodies have been avail- 
able for tmmunohistochemical use, several 
studies characterising the mononuclear cell 
infiltrate have been performed in adult patients 
with different forms of chronic aggressive hepa- 
titis, including autoimmune chronic active 
hepatitis,” ° hepatitis B virus related chronic 
active hepatitis,*'° primary biliary cirrho- 
sis,? © 8"! 12 primary sclerosing cholangitis,''~'° 
chronic alcoholic hepatitis,® '* and non-A-non- 
B chronic active hepatitis.'° In childhood, the 
histological picture of chronic aggressive hepati- 
tis, characteristic of chronic active hepatitis, is 
also often found in patients with primary 
sclerosing cholangitis, '° hepatitis B virus related 
chronic liver disease,!® Wiison’s disease,'? and 
occasionally a,-antitrypsin deficiency.'® To date 
no study characterising the mononuclear cell 
infiltrate in children with chronic liver diseases 
has been reported. Moreover, although circulat- 
ing activated T lymphocytes in various forms of 
chronic aggressive hepatitis have been considered 
to be of pathogenic and clinical importance,!*"?! 
in only three studies has the expression of 
activation markers on the hepatic mononuclear 
cell infiltrate been investigated.® !° 13 

We have characterised the portal tract mono- 
nuclear cell infiltrate in liver biopsy samples 
from children with chronic liver diseases and 
features of chronic aggressive hepatitis using a 
panel of monoclonal antibodies directed against 
markers of function and activation. 


Patients, materials, and methods 
PATIENTS 
Twenty eight subjects (18 female patients; 
median age 12 years, range 1—20 years) with 
chronic liver disease starting in childhood and a 
histological picture of chronic aggressive hepati- 
tis at presentation were studied (tables 1-3). 
Three of these subjects, all with chronic active 
hepatitis, were older than 16 years of age (17, 
18, and 20 years) at the time of study but were 
10, 11, and 13 years old at presentation. Liver 
disease was considered to be active when the 
total histopathological score was greater than 3 
(see later) or values of aspartate transaminase 
were more than twice the upper normal value 
(45 [UA), or both. 

Twelve patients had autoimmune chronic 
active hepatitis diagnosed according to interna- 
tionally agreed criteria’ (table 1). Three were 
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tested before treatment was started and had 
high values of asparatate transaminase, IgG, 
non-organ specitic autoantibodies, and the pre- 
sence of piecerneal necrosis in the liver biopsy 
sample. Seven were tested while receiving 
immunosup>Dressive treatment (azathioprine 
]—1°5 mz/kpYday and prednisolone 0-5-2 mg/kg/ 
day in six patients; prednisolone 0:5 mg/kg/day 
in one patient); three had signs of active disease 
with increased levels of aspartate transaminase, 
IgG, autoantibedies, and piecemeal necrosis at 
histology. The remaining four treated patients 
and two further patients tested during remissicn 
in the at-senze o- treatment, had no biochemical, 


Senaldt, Portmann, Mowat, Mieh-Vergant, Vergani 


immunological, nor histological evidence of 
active disease. Three of the 12 children had 
associated cirrhosis. 

Twelve children had primary sclerosing cho- 
langitis (table 2). All had characteristic endo- 
scopic retrograde cholangiopancreatographic 
changes and 10 had associated inflammatory 
bowel disease. Three were tested at diagnosis 
before treatment and nine while receiving treat- 
ment (prednisolone 0:5-1 mg/kg/day in five 
patients; azathioprine 1—1°5 mg/kg/day and 
prednisolone 0:5 mg/kg/day in two patients; 
penicillamine 20 mg/kg/day in one patient; 
sulphasalazine (Salazopyrin, Kabi Pharmacia), 


Table I Clirtcal, biochemical, immunological, and hestological details of the patients with autoimmune chronic actroe 


hepatts at the nme of testing 


Patent S3x Aze Disease Immuno- Cirrkosts Porta! 


No (yzars) status suppressive tract 
treatment” inftltratet 
l F Je Actuve  Pred/aza Present 2 
2 F ti Inactive None Present 2 
3 M 28 Inactive Pred/aza Absent 2 
4 M G Inactive Pred/aza Absent 2 
5 M r Inactive Pred/aza Absent 2 
6 FP B Inactive None Absent 2 
7 F 3 Acuve  Pred/aza Absent 3 
8 F 3 Active Pred Present 3 
9 F i: Active None Absent 4 
10 F Is Inactive Pred/aza Absent 2 
11 F D Active None Absent 3 
12 F 3 Active None Absent 2 


'Pred=prednislone, aza=azathiopnne. 


Precemeal Aspartate IgG Axtoannbodtes]] 
necrosis} transaminase (g/l)§ 

(FUIDE ANA ASMA  LKMI 
2 126 23 7 Negative Negative Positive 
i 26 73 Positive Negative Negative 
l 53 ND ND ND ND 
Í 26 11-5 Negauve Negative Negative 
i 24 13-3 Negative Negative Posinve 
I 30 14-2 Negative Positive Negative 
2 371 19-5 Positive Negative Negative 
3 157 20°8 Posiuve Positive Negative 
4 172 50 3 Positive Negative Negative 
l 33 117 Negauve Negauve Negative 
2 1260 192 Positive Negative Negative 
2 185 218 Negauve Negative Positive 


Liver biopsy samples were assessed semiquanttatively, as desribed in text 


ormal valus <4 IU/I. 


§Normal values for children aged between 2 and 5 years >5-<17 g/l, 5 and 1o yan >7-<18 g/l 


(Titres =1 40. ANa=antinuclear antibodies, ASMA=smooth muscle antibody, L 


ND=not detemminsd. 


l=hver kidney microsomal antibody type 1. 


Table 2) Citucal, biochemical, immunological, and histological detatls of the patients with sclerosing cholangitis at the ume 


of testing 

Patent Sex sge Disease Immuno- Crrhons Portal 

No Gears states suppressive tract 
treatment ' wfiltratet 

i F K Active Pred Absent 2 

2 mM § Active  Pred/aza Absent 2 

3 mM 7 Inactive Pred/aza Present 2 

4 wa fs Inactive Pred Absent 2 

5 Mi 2 Actuve  Penicillamine Present 2 

6 R 6 Active Pred Absent 3 

7 = 8g Inactive Pred Absent 2 

8 7 2 Actuve Pred Absent 2 

9 M 5 Acuve None Absent 2 

10 ia 6 Active None Present 4 

lI = 2 Active None Present 2 

12 F 2 Acuve None Present 2 


*Pred= soloze, aza=azathioprine. 
TLiver ti 
Normal values <45 IUA 


Piecemeai Aspartate IgG  Autoantbodies{ 


necrosis} transaminase (g/1)§ 
(TUIRE ANA ASMA  LKMI 

I 543 351 Positive Negative Negative 
I 150 204 Positive Negative Negative 
I 47 74 Negative Negative Negative 
i 28 125 Positive Negauve Negative 
2 109 188  Negauve Positive Negative 
l 98 122 Negative Positive Negative 
l 34 25:50 Pomuve Negative Negative 
| 218 273 =Posiuve Positive Negative 
l 197 285 Positive Negative Negative 
3 352 41-1 Positive Negatuve Neganve 
2 110 164 Negative Negative Negative 
3 740 38:1 Positive Positive Negative 


y samples were assessed semiquantitauvely, as desribed in text 


§Normal values for children aged between 2 and 5 years >5-<17 g/l, 5 and 16 years >7-<18 g/l. 
Dr =1.4C AħA=antunucléar antibody; ASMA=smooth muscle antibody, LKM 1=lıver kidney microsomal antibody type 1. 
P 


stent discontinued treatment 
D=not determined 


Table 3 CEmea!, biochemical, immunological, and histological details of the patients with other forms of chronic aggresstve 


hepatitis 
Pattent sex Age Disease Immuno-  Curhons Portal Pweemeal Aspartate IgG Autoantbodies] 
k tyears) status suppressive tract Recrous}  tramaminase (gif)§ 
(diagnosi)? ireaimeni* infiltrate} dUit ANA ASMA LKMI 
| (AIATD) Ms! Active None Present 2 2 147 ND ND ND ND 
2 (AIATD) = 2 Acuve None Present 3 3 142 125 Negative Negauve Negative 
3 (WD) “a 9 Active None Present 3 3 490 ND ND ND ND 
4(HBV) = 5 Active None Absent 3 I 24 16 7 Negative Negative Negative 


‘AIATD=«ct-antitrypsin deficiency, WD=Wailson’s disease, and HBV=hepauts B virus 


tLiver biops~ samples were 
tNorma! valres <45 IUA 


semiquantitatively, as described in text 


\Norma! values for children aged between 2 and 5 years >5-<17 g/l, 5 and 16 years >7-<18 g/l 
Titres =1 4) ATWA=anunuclear antibody, ASMA=smooth muscle anubody; LKM1=liver kudney microsomal antibody type 1. 


ND=nct det=rmiacd. 


Immunohstochemtcal features of the portal tract mononuclear cell mfiltrate m chronic aggressrve hepatitis 


30 mg/kg/day in 10 patients), though in one 
patient treatment had been discontinued for 
some time by his parents. The three patients 
tested at diagnosis had active disease with 
piecemeal necrosis in the liver biopsy sample. 
The patient who had interrupted treatment and 
five of the treated patients also had signs of 
active disease with increased levels of aspartate 
transaminase, IgG, and non-organ specific auto- 
antibodies, and one had piecemeal necrosis. 
The three remaining patients, all receiving 
treatment, had no clinical, immunological, nor 
histological evidence of active disease. Cirrhosis 
was present in five patients. 

Four children had other forms of chronic 
aggressive hepatitis (table 3): two had a- 
antitrypsin deficiency, one had Wilson’s disease, 
and one had hepatitis B surface antigen (HBsAgy/ 
hepatitis B e antigen (HBeAg) positive chronic 
active hepatitis. None of these patients was 
receiving immunosuppressive or antiviral treat- 
ment. All had signs of active disease and 
cirrhosis was present in three patients. These 
children were selected because their liver biopsy 
samples showed degrees of portal tract infiltra- 
tion and piecemeal necrosis simular to those 
observed in chronic active hepatitis and primary 
sclerosing cholangitis. 


BIOPSY SAMPLES 

Liver tissue was obtained for diagnostic or 
management purposes using a 1*4 mm diameter 
Menghini needle. Informed consent for the liver 
biopsy was given by the parents of all children. 
Three to five millimetres of each biopsy sample 
were embedded in OCT medium (BDH, Poole, 
UK) and immediately stored in liquid nitrogen 
before immunohistochemical analysis; most of 
the specimen was fixed in formalin and processed 
for routine diagnostic histopathological exam- 
ination. Liver biopsy samples were assessed for 
portal tract infiltration and piecemeal necrosis 
using a semiquantitative scale according to 
Scheuer’? (none=1, mild=2, moderate=3, 
severe=4). 


IMMUNOLOGICAL REAGENTS 

Most of the monoclonal antibodies (table 4) 
used in this study were purified by protein A or 
ion exchange chromatography from the super- 


Table 4 Monoclonal antibodies used im this study 


Monoclonal Antigen PBMC subset Dibanon 
ant 
OKT3 CD3 Total T lymphocytes 1/10 
WT31 TCR] a/f} T lymphocytes 1/10 
OKT4 CD4 hii T lymphocytes 1/10 
OKT8 CD8 s/c T lymphocytes 1/10 
THBS CD21 B lymphocytes 1/5 
OKMI CD11b Monocytes/macrophages 1/5 
L243 HLA-DR Acuvated T and E knpa 1/160 
Monocytes/macrophages 
Antu- Tac CD25 (IL-2R) Activated T lymphocytes 1/10 
B73.1 CD16 K/NK lymphocytes 1/10 
OKT9 CD71 (TFR) Activated lymphocytes 1/10 
4F2 4F2Ag Activated lymphocytes 1/10 
W6/32 HLA-A,B,C All PBMC 1/160 
BE3F9 Bovine insulin — 1/2 
a EEU aU 
Abbreviations’ PBMC=penpheral blood mononuclear cells, CD=cluster of differentiation, 
TCR=T cell receptor, [L-2R=interleukin 2 receptor; TFR=tramsiernmn receptor, h/i=helper/ 


inducer, s/c=suppressor/cytotoxic, K=killer, and NK=natural killer 
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natant or the ascitic fluid of hybridoma 
(American Type Culture Collection, Rockville) 
cultures in vitro or in vivo respectively. WT3] 
was purchased from Becton Dickinson. The 
monoclonal antibody BE3F9 (Amencan Type 
Culture Collection) directed to bovine insulin 
was used as control. 

Peroxidase conjugated rabbit antimouse 
immunoglobulin antiserum (Dakopatts, High 
Wycombe) was used to label the monoclonal 
antibodies in a two step immunoperoxidase 
technique. Immunological reagents were used 
at saturating concentrations, as determined in 
preliminary titration experiments using normal 
lymphoid tissue. 


STAINING PROCEDURE 

The biopsy samples were cut in a cryostat 
(Bright, Huntingdon) and 5 um thick sections 
were obtained and placed on to slides which had 
previously been coated with a 0:01% solution of 
poly-L-lysine and allowed to dry. 

Sections were allowed to air dry for four to six 
hours, fixed in a 1:1 mixture of acetone and 
chloroform for 10 minutes and washed in three 
changes of phosphate buffered saline (pH 7-4) 
for five minutes each. 

To block the endogenous peroxidase, sections 
were covered with a 1% solution of hydrogen 
peroxide in phosphate buffered saline for 20 
minutes. After washing, to block non-specific 
binding, sections were incubated for 10 minutes 
with phosphate buffered saline containing 10% 
normal rabbit serum and then incubated for 30 
minutes with a dilution in phosphate buffered 
saline of the respective monoclonal antibody. 
Sections were washed again and incubated 
with a 5% dilution in phosphate buffered saline 
of peroxidase conjugated rabbit antimouse 
immunoglobulin, which contained 5% normal 
AB serum, to prevent possible cross reactions 
between the monoclonal antibodies and human 
immunoglobulin present on the tissue section. 
Sections were then washed, immersed for eight 
minutes in a solution of 0-6 mg/ml of diamino- 
benzidine tetrahydrochloride and 0:03% hydro- 
gen peroxide in phosphate buffered saline, 
rinsed in tap water, counterstained with 
Mayer’s haematoxylin, washed again exten- 
sively in tap water, and finally mounted with a 
9:1] mixture of glycerol and phosphate buffered 
saline.” 


MICROSCOPIC ANALYSIS 

Stained and unstained mononuclear cells in one 
to three portal tracts were counted using light 
microscopy by an observer unaware of the 
clinical details. The percentage of positive cells 
was calculated and expressed semiquantitatively, 
with 0=no positive cells, 1=minimal (<10%), 
2=mild (>10%, <25%), 3=moderate (>25%, 
<50%), 4=abundant (>50%, <75%), and 
ea abundant (>75%) amounts of positive 
cells. 


STATISTICAL ANALYSIS 

Positivety scores and the CD4: CD8 ratios were 
statistically analysed using Wilcoxon’s rank sum 
test and Spearman’s rank correlation method. 


~ 
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Results 

Stained liver sections were well preserved and 
tissue structu es were easily recognisable. The 
amount of tte mononuclear cell infiltrate in the 
portal tracts xas more abundant in patients with 
active than inactive disease irrespective of treat- 
ment. No positive staining was observed using 
the control monoclonal antibodies, whereas 
positive cells labelled by the relevant monoclonal 
antibodies ~ere identified by the reaction 
product dep>sited along their membranes. The 
amounts of mononuclear cell subsets in portal 
tracts are zven in table 5. Although the 
numbers of =2lls varied proportionally with the 
magnitude of the cellular infiltrate, the tissue 
distribution of the cells belonging to a particular 
subset tend21 to be constant within a given 
disease. 

Results o>:ained using the monoclonal anti- 
body WT31 were similar to those obtained with 
OKT3, suggesting the existence of a homo- 
geneous mon nuclear cell subset simultaneously 
bearing T cell receptor 1 and CD3. T Lympho- 
cytes (CD= positive cells) were the most 
common inigtrating element in all disorders. 
When they were subtyped, helper/inducer 
T cells (CD4 positive) were the most common in 
autoimmune chronic active hepatitis, were as 
numerous a3 suppressor/cytotoxic T cells (CD8 
positive) in primary sclerosing cholangitis, and 
were in a m_mority in the other forms of chronic 
aggressive laepatitis, in which suppresser/ 
cytotoxic T cells were almost the only lympho- 
cytes presect. The CD4 to CD8 ratio was 
significantly higher in biopsy samples from 
patients wih autoimmune chronic active 
hepatitis then in those from children with 
primary scl2-osing cholangitis (p<0°05) and in 
the latter i: was higher compared with those 
from patieats with other forms of chronic 
aggressive hepatitis (p<0°01). Independent of 
diagnosis, r2lper/inducer T cells tended to oc- 
cupy the certrel areas of the portal tracts (fig 1), 
whereas suppressor/cytotoxic T cells formed 
the majority in areas of piecemeal necrosis and 
could often be observed at the front of the 
infiltrate icvading the hepatic lobule (fig 2). In 
contrast with helper/inducer T cells, which 
tended to remain confined within the portal 
tract, suppessor/cytotoxic T cells could also be 


Tas.e S Median (range) of pontrouy sores and CD4CD8 ratios of portal tract 
monotuclsar cell sbseis in patients wuh cutotrunune chronic actrve hepatitis, primary 
sc erosing cholanguz, or otaer forms of chronic auze hepatitis 


Fraction markers 


HLA-DR 
CD25 (IL2R) 
CD71 (TFR) 
4F2Ag 


Autammune Primary Other forms 

chronic active sclerosing of chronu 

hepanns' cholangitis acirve hepatins' 

4-5 (455) 4:0 (4-5) 40 (4-5) 

45(45) 4 0 (4-5) 40 (4-5) 

35G-4) 3-0 (2-4) 10(i-1) 

2 §(1-3) 3 0 (2-4) 4 0 (4-5) 

2 1(i-4) 1-0(0 5-1 5) 0 1(0 1-0 2) 
0(0-1) 0 0 (0-1) 

2 0(1-2) [-0 (0-1) 1 0(0-1) 

io- 3 0(i-3) 2 5{1-3) 

£0 (4-5) 4 0(4-5) 40 (2-4) 

3-0 (1-5) 3 0Ci-4) 1 0 (0-2) 

40(2-5) 3 0 (2-5) 3 0 (3-4) 

3 02-5) 3 0 (2-5) 2 O{i-3) 


‘Number of posite: cells: O=none, 1=<10% 2=>10%, <25%, 3=>25%, <50%, 4=>50%, 


<7 5%; 5=>75%. 
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identified throughout the lobule, occupying 
perisinusoidal positions. 

B lymphocytes (CD21 positive cells) were 
rarely or never found in the liver mononuclear 
cell infiltrate. In follicle-like lymphoid aggre- 
gates observed in the portal tracts from two 
patients with autoimmune chronic active 
hepatitis, three with primary sclerosing cho- 
langitis, and one with a-antitrypsin deficiency, 
however, B cells represented the main consti- 
tuents and also displayed the receptors for 
transferrin and interleukin 2 (fig 3). 





chronic actroe hepatitis stamed for the CD8 molecule 


(suppressor/cytotoxic T lymphocytes). (Immunoperoxidase 
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Figure 2 Liver section from a patient with primary 
sclerosing cholangitis statned for the CD8 molecule 
(suppressor/cytotoxic T lymphocytes). Posurvely stained 
suppressoricytotoxic T cells project inside the hepatic lobule. 
(Immunoperoxidase stain X 200.) 
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Figure3 Liver section from a patient with autoimmune 
chrome actrve hepatitis stained for the CD21 molecule 
(B-hymphocytes). B Cells are positively stained n a 
follicle-hke structure ın a portal tract. (Immunoperoxidase 
stain X 200.) 
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Killer/natural killer cells (CD16 positive) 
were the more numerous subset in patients with 
autoimmune chronic active hepatitis after T 
lymphocytes, being present in all patients and 
forming up to a quarter of the mononuclear cell 
infiltrate. Occasionally they could also be seen 
scattered within the liver lobule, with a pattern 
of distribution similar to that described for 
suppressor/cytotoxic T cells. In patients with 
primary sclerosing cholangitis and the other 
forms of chronic aggressive hepatitis they were 
rare or absent. 

Monocytic cells (CD11b positive) were found 
in all patients, but they were relatively more 
numerous in patients with primary sclerosing 
cholangitis, a)-antitrypsin deficiency, Wuson’s 
disease, and hepatitis B virus related chronic 
active hepatitis than in autoimmune chronic 
active hepatitis, in which they were a rare, 
though consistent, finding. 

Mononuclear cells expressing markers of 
activation were detected in all patients. HLA- 
DR was the activation marker most often en- 
countered, and in all patients with autoimmune 
chronic active hepatitis and primary sclerosing 
cholangitis it was expressed on most of the 
mononuclear cell infiltrate. IL-2R (CD25) was 
also found on the mononuclear cell infiltrate in 
all patients with autoimmune chronic active 
hepatitis and primary sclerosing cholangitis 
(fig 4), the number of positive cells ranging 
from minimal to abundant, although it was a 
rare finding in the other forms of chronic 
aggressive hepatitis. Transferrin receptors 
(CD71) and the antigens targeted by 4F2 
(4F2Ag) were found in all patients with chronic 
aggressive hepatitis investigated without varia- 
tions among different forms of the disease. 

The numbers of cells displaying activation 
markers varied widely among patients, especially 
those with autoimmune chronic active hepatitis 
and primary sclerosing cholangitis. Untreated 
petients with either autoimmune chronic active 
hepatitis or primary sclerosing cholangitis tended 
to have scores of cells positive for activation 
markers higher than those receiving treatment; 
this difference was statistically significant for 
IL-2R (p<0:04 and p<0-02 respectively) 
(fig 5). Scores of positive cells tended to parallel 
the activity of the disease and the extent of 
portal tract infiltrate and piecemeal necrosis, 





Figure4 Liver section from a patient wuh primary 

sclerosing fics stained for the CD25 molecule. Posurve 
ceils are seen tn the portal tract (Immunoperoxidase 
stain X 200.) 
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Figure 5 nia nie scores for the CD25 molecule in the 
patient groups divided according to active and mactive 
disease. ACAH=autormmune chronic actrve hepatis; 
PSC = primary sclerosing cholangitis, Other CAH = other 
forms of chronic aggresstve hepatitis, A=actrve, [= inactrve. 


but they were not affected by the presence or 
absence of cirrhosis. 


Discussion 

This study shows that T lympocytes predo- 
minate in the portal tract infiltrate of children 
with various forms of chronic aggressive hepati- 
tis, but the distribution of their markers of 
function and activation differs according to 
diagnosis. 

Two major patterns of mononuclear cell 
infiltrate were observed: one typical of auto- 
immune chronic active hepatitis (characterised 
by helper/inducer T cells outnumbering 
suppressor/cytotoxic T cells, a small amount of 
killer/natural killer cells and a high proportion 
of activated cells) and one typical of primary 
sclerosing cholangitis (characterised by similar 
amounts of helper/inducer and suppressor/ 
cytotoxic T cells, mild to moderate amounts of 
monocytes/macrophages, with most cells being 
activated). In the chronic aggressive hepatitis 
due to ay,-antitrypsin deficiency, Wilson’s 
disease, or chronic hepatitis B infection we 
observed abundant suppressor/cytotoxic T cells 
prevailing over helper/inducer T cells and rarer 
cells expressing IL-2R. 

Independent of the cause of chronic aggressive 
hepatitis or disease activity, akin to observations 
in adults,*~” ? 1° 12 3 T lymphocytes were the 
major component of the portal tract mononuclear 
cell infiltrate in all the children studied. In 
addition, we have found that the infiltrating T 
cells expressed mainly T cell receptor 1. 
Further studies using monoclonal antibodies 
directed against the y o T cell receptor’ 7° will 
elucidate the presence of T cell receptor 2 
positive T lymphocytes. 

T cells expressing the suppressor/cytotoxic 
phenotype were similarly represented in all 
patients and were concentrated at the periphery 
of the portal tract and in areas of piecemeal 
necrosis. This distribution suggests that these 
cells are cytotoxic lymphocytes and mediate the 
liver cell damage typical of chronic aggressive 
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hepatitis, irrespective of its aetiology. In contrast 
with suppressor/cytotoxic T cells, the proportion 
of helper/icducer T cells was markedly different 
in the various groups of patients with chronic 
aggressive hepatitis studied. Similar to observa- 
tions ir. adults,’ € 2 '* numerous CD4 positive 
T lymphocytes were found in the biopsy samples 
from child-en with autoimmune chronic active 
hepatitis and primary sclerosing cholangitis, 
being esp2cially abundant in the former. 
Independent of diagnosis, these regulatory 
lymphocytes were particularly prominent in the 
centre of the portal tracts, suggesting that they 
may orchestrate local immune reactions, through 
antiger. recognition, activation of cytotoxic T 
cells, 3 I~mphocytes and macrophages, and 
cytokine production.” It is also possible that 
some of them may modulate tissue damaging 
immure reactions, as CD4 positive T lympho- 
cytes can act as suppressor cells.7* In contrast 
with the r2sults in autoimmune chronic active 
hepatitis end primary sclerosing cholangitis, 
CD4 positrve cells were present in small numbers 
in childrer with other forms of chronic aggres- 
sive hepatitis. 

The CL4:CD8 ratio was significantly higher 
in patients with autoimmune chronic active 
hepatitis tnan in those with primary sclerosing 
cholangitis and in the latter when compared 
with the other forms of chronic aggressive 
hepatitis. This finding is similar to those obtained 
in a cumoer of studies of adults? é '? '* and 
suggests that the CD4:CD8 ratio in the portal 
tract mononuclear cell infiltrate in liver biopsy 
samples with features of chronic aggressive 
hepatitis could be of diagnostic value. The 
CD4:CD8 ratio of greater than unity observed 
in the livez in autoimmune chronic active hepa- 
titis refleccs the CD4:CD8 ratio of the activated 
T lymphocytes in the peripheral blood of 
children with this disease.*° Similarly, the CD4: 
CD8 ratio of the infiltrate in patients with 
primacy sclerosing cholangitis parallels the ratio 
observed within activated T cells in the peripheral 
blood.?! 

B lympzaocytes were seen at low levels or not 
at all, whatever the cause of chronic aggressive 
hepatitis. This observation is surprising because 
of the high immunoglobulin production and the 
high titres of liver and non-liver specific auto- 
antibcdies which characterise diseases such as 
autoimmune chronic active hepatitis and primary 
sclerosing cholangitis. In four biopsy samples, 
however, including two patients with auto- 
immune chronic active hepatitis and one with 
primary sclerosing cholangitis, B lymphocytes 
were observed in follicle-like structures present 
within some portal tracts, confirming a similar 
findirg reported previously.?? These structures 
appear to be unevenly distributed and may have 
been absent in the other biopsy samples, owing 
to the small amount of tissue studied. Such an 
orgamsation of rudimentary lymphoid tissue 
within th2 liver is likely to be a consequence of 
intense cytokine stimulation in the portal tracts, 
and this riew is supported by evidence that the 
B cells observed in these structures expressed 
activetior markers. 

Killer/natural killer cells, though not 
numerous, were the most common subset after 
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T lymphocytes in autoimmune chronic active 
hepatitis, whereas they were rare or absent in 
the other disorders. This observation reinforces 
the idea that non-major histocompaubility com- 
plex restricted cytotoxicity, including antibody 
dependent cell mediated cytotoxicity, 1s likely 
to be of importance in the development of liver 
injury in autoimmune chronic active 
hepatitis.” 7! 

Monocytic cells were always identified, but 
though they were rare in patients with auto- 
immune chronic active hepatitis, they were 
found in small or moderate numbers in patients 
with primary sclerosing cholangitis and the 
other forms of chronic aggressive hepatitis, in 
which they could be involved in the generation 
of tissue damage, possibly by effecting antibody 
dependent cell mediated cytotoxicity.** 

In autoimmune chronic active hepatitis and 
primary sclerosing cholangitis most mononuclear 
cells infiltrating the portal tracts displayed 
activation markers, indicating that they actively 
affect the ummune response. The finding that 
reduced activation marker expression occurred 
with treatment and in inactive disease also 
supports this conclusion. This observation is 
consistent with the results obtained by measuring 
IL-2R positive T lymphocytes and soluble 
IL-2R in the peripheral blood of treated and 
untreated children with autoimmune chronic 
active hepatitis.7° *? Interestingly, in patients 
with primary sclerosing cholangitis the propor- 
tion of peripheral blood T lymphocytes express- 
ing IL-2R is markedly lower than in auto- 
immune chronic active hepatitis, irrespective of 
disease activity,” though the proportion of 
these cells in the portal tract inflammatory infil- 
trate is as high as in autoimmune chronic active 
hepatitis. This finding may reflect a more 
generalised autoimmune reaction in auto- 
immune chronic active hepatitis, where some of 
the peripheral IL-2R positive T cells may be 
sensitised to tissues other than the liver. 

In conclusion, this study shows the existence 
of different patterns of expression of markers of 
function and activation in the portal tract 
mononuclear cell infiltrate in patients with 
autoimmune chronic active hepatitis and primary 
sclerosing cholangitis, and corroborates our 
previous observations on peripheral blood 
mononuclear cells,”! suggesting that despite the 
clinical and histological similarities the mech- 
anisms leading to autoimmune liver damage in 
these two diseases are different. 
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Bronchial responsiveness and lung function in 
infants with lower respiratory tract illness over the 


first six months of life 


Jane R Cla-ke, Amanda Reese, Michael Silverman 


Abstract 

The aim of tuis study was to determine whether 
increased >romchial responsiveness to hista- 
mine is assaciated with lower respiratory tract 
illness (on2 o- more episodes of wheeze or 
cough, or toth) in infancy. 

Fifty forr normal newborn infants who had 
at least one atopic parent were recruited. At a 
median age of 6-5 months, 45 infants, 23 with 
a history o- lower respiratory tract illness, and 
22 without. cnderwent pulmonary function 
testing du-mg a symptom free period. The 
maximum ov at functional residual capacity 
(VmaxFRC' was calculated from partial forced 
expiratory flow volume curves using the 
squeeze techrique. Bronchial responsiveness 
to increasing doses of histamine was assessed 
by determming the provoking concentration 
which caused a 30% decrease in VmaxFRC 
(PC30). 

The length adjusted VmaxFRC was lower 
for symptematic infants before the challenge 
(median 15 ml/s; 95% confidence intervals 
(CID) 85 tc 164 mls) compared with control 
infants (median 215 ml/s; 95% CI 159 to 298 
mi/s). There was no significant difference in 
PC, between symptomatic infants (median 
10-3 g/l; SE% CI 2-8 to 23-8 g/l) and control 
infants (median 16-5 g/l; 95% CI 2-4 to 27-9 
g/l). 

Bronchial responsiveness to histamine can 
be shown m most infants early in life and is 
independent of lower respiratory tract symp- 
toms inclc.dinz wheezing. 


(Arch Dis Chald 1992367:1454-8) 


In groups of schoolchildren and adults there is 
an assocBcion between increased bronchial 
responsiveness and asthma,’* though in 
individual subjects variations in bronchial 
responsivexess correlate poorly with the clinical 
manifestacion3; of asthma>’ and with airway 
calibre at tke time of testing.?? Bronchial 
responsiveness has been shown in infancy in 
recurrenthy wheezy subjects’? '! and in small 
groups of rornal infants. !2"'4 

Until recently little was known about the 
relation o- sronchial responsiveness to wheezing 
in infancy In one small study of recurrently 
wheezy imants it was shown that, in conirast 
with olde- subjects, bronchial responsiveness in 
infancy is mdependent of wheezing, but may be 
dependertor airway calibre. !° 

The amı of this study was to determine 
whether the airways of infants with lower 
respiratory tract illness (one or more episodes of 
wheeze oz zough, or both) were more responsive 


to histamine than those of asymptomatic control 
subjects. 


Subjects and methods 

SUBJECTS 

All 45 infants in this study were recruited in the 
neonatal period from Hammersmith Hospital or 
Queen Charlotte’s and Chelsea Hospital, and 
were followed up as part of a cohort study. Of 
the 54 subjects who had originally been recruited, 
two had moved away from the area by the age of 
6 months and seven no longer wished to take 
part in lung function tests. All members of the 
cohort had at least one atopic parent, but had 
otherwise been normal healthy term infants. 
Infants were classified according to the presence 
or absence of one or more episodes of cough or 
wheezing, or both (henceforth referred to as 
lower respiratory tract illness). Parents were 
interviewed and details of any recurrent cough 
or wheezing, or both, since birth were recorded, 
in addition to a detailed family history including 
smoking. 

At the time of study at the age of 6 months, 
all infants had been free of respiratory symptoms 
for at least two weeks. None was receiving any 
drugs known to affect bronchial responsiveness. 
Infants were studied after sedation with chloral 
hydrate (100 mg/kg) or the equivalent dose of 
triclofos sodium (167 mg/kg). The study was 
approved by the hospital’s ethics committee 
and parental consent was always obtained. 
Parents generally stayed in the laboratory during 
studies. 


LUNG FUNCTION 

Partial expiratory flow volume curves were 
obtained using the squeeze technique by rapidly 
inflating a snugly fitting, polythene thoraco- 
abdominal jacket (medical engineering depart- 
ment, Royal Postgraduate Medical School, 
Hammersmith Hospital, London), with the 
arms enclosed, at the end of tidal inspiration to 
induce a forced expiration.’ 7 The jacket 
inflation pressure was measured with a pressure 
transducer (Validyne MP45). From occlusion 
tests at the end of inspiration the static pressure 
transmission to the pleural space with this 
jacket is 56-80% of the applied pressure. '® Flow 
was recorded with a low resistance screen 
pneumotachograph (medical engineering 
department, Royal Postgraduate Medical 
School) and facemask (Rendell-Baker Soucek, 
size 1, Ambu International), connected to a 
pressure transducer (Validyne MP45). A rim of 
silicone putty (Carters) was applied around the 
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mouth and nose and to the facemask to provide 
an airtight seal. The flow signal was electronic- 
ally integrated with respect to time to give the 
volume. All signals were digitised (100 Hz) and 
stored on a computer (Compag deskpro 386/ 
20e). Partial expiratory flow volume curves 
were constructed by computer and analysed 
(RASP Software, Physiologic Ltd) to determine 
the maximum flow at a lung volume corre- 
sponding to the functional residual capacity 
(VmaxFRC).'? During baseline measurements 
the jacket pressure was increased from 25 cm 
H-O by increments of 5 cm H,O until flow limi- 
tation had been achieved, as shown by the 
maximum flow at functional residual capacity, 
or until the maximum jacket pressure of 80 cm 
H20 had been achieved. A mean baseline value 
of VmaxFRC was derived from eight to 10 base- 
line measurements made at the optimal jacket 
pressure. Thereafter the same jacket pressure 
was used throughout the challenge test proce- 
dure. 

The shape of the baseline partial expiratory 
flow volume curves was described qualitatively 
for each subject, as either concave or convex 
with respect to the origin. 


HISTAMINE CHALLENGE 

Aerosols of normal saline, as a control, and 
doubling concentrations of histamine were 
administered for 30 seconds each by a Wright 
nebuliser, with 8 l/min airflow (nebuliser output 
0-16 ml/min by weighing, aerosol aerodynamic 
mass median diameter 1-:0-1'5 ym’). The 
facemask, pneumotachograph removed, acted 
as a chamber into which the aerosol was 
directed over the mouth and nose of the 
sleeping infant. Beginning with 0°25 g/l, doubl- 
ing concentrations of histamine were adminis- 
tered at five minute intervals until either a 30% 
decrease from baseline VmaxFRC had been 
observed or the maximum histamine concentra- 
tion of 32 g/l had been reached. Beginning one 
minute after completion of each nebulisation, 
six to 10 squeeze manoeuvres were then carried 
out. All technically satisfactory curves were 
analysed to give a mean VmaxFRC for each 
dose. As a safety measure, oxygen saturation 
(Sao,) (Ohmeda Biox 3740 pulse oximeter), 
transcutaneous oxygen tension (Ptco,) and 
carbon dioxide tension (Ptcco,; Radiometer 
TCM3, Radiometer) were monitored con- 
tinuously. 

The provoking concentration of histamine 
producing a 30% decrease in VmaxFRC (PC3,) 
from baseline was obtained by linear interpola- 
tion from dose-response plots of VmaxFRC 
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against log histamine concentration for each 
subject. 


ANALYSIS 

The lengths, weights, and ages of the infants 
with and without lower respiratory tract illness 
were compared using Student’s ¢ tests. The 
gender distribution, ethnic origin, and history 
of maternal smoking in the two groups were 
compared using a x’ test with Yates’s correction. 
VmaxFRC was adjusted to a length of 70 cm 
using regression equations derived from the 
normal subjects in the cohort. For normal male 
subjects, VmaxFRC (ml/s)=6°97 (length in cm) 
—244, and for female subjects VmaxFRC 
(ml/s)= 8°07 (length in cm) —270. For female 
subjects length adjusted VmaxFRC was further 
adjusted for gender from the regression equa- 
tions (by multiplying by 0°822) to group male 
and female subjects together for comparison. 
The VmaxFRC jacket pressure, and coefficient 
of variation data were skewed, and the PCa 
data censored, so they were compared using the 
Mann-Whitney U test. Values were expressed 
as medians, with 95% confidence intervals (CI) 
and interquartile ranges. The study design 
allowed a difference of two doubling concentra- 
tions in PC (boys and girls grouped together) 
and a 120 ml/s difference in length adjusted 
VmaxFRC (boys and girls compared separately) 
to be detected between the normal and symp- 
tomatic groups, with a power of greater than 
80% at a significance level of 5%. 


Results 

There were similar numbers of boys and girls in 
the study (23/22), but more boys than girls had 
developed symptoms by 6 months of age (13/10). 
Of those with lower respiratory tract illness, 
seven symptomatic boys and six symptomatic 
girls had coughed without any wheeze. Of the 
four boys and five girls from the original birth 
cohort of 54 infants who dropped out of the 
study, two boys and two girls had developed 
symptoms by 6 months. The ages and lengths of 
the infants with lower respiratory tract illness 
and control infants were similar, but the 
symptomatic male infants were significantly 
heavier than the normal boys (p<0°05). There 
was no significant difference in the numbers of 
maternal smokers or non-white subjects between 
the two groups (table 1) or of other family 
members who smoked. Further analysis into 
the independent effect of parental smoking on 
lung function was precluded because of the 
small number of subjects. 


Table 1 Baseline data. Mean (range) or number (%) are grven 





Characteristic Boys 
LRI* No LRI" 
(n=13) (n= I@) 
Age (months) 6°65 (5°5-8-0) 6°45 (6 0-8 0) 
eaght (kg) 8°51 (6 92-10°0) 7 74 (6:30-8:74) 
Length (cm) 69-3 (66-74) 68 5 (63-72) 
Maternal smokers 4 BD 1 (10) 
Non-whute subjects 3 (23) i (10) 


Girls 
p Value} LRI* No LRI* p Val 
(n=10)}) (n=12) acs 
0°52 6 60 (6°0-8 0) 6°21 (6°0-7°0) 010 
0-048 7°73 (5:59-10 0) 7°61 (6 6-10 7) 0 80 
0 43 67°8 (63-70) 67-7 (65-73) o 90 
0 49 2 (20) 1 (8) 8 70 
0-79 2 (20) 2 (17) 0 83 





*LRI=lower 


Sf ia tract illness 
tp Value= cance of difference between subjects with LRI and without LRI (1 test or y? test). 
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Tavie 2 Gender a-d length adjusted VmaxF RC and P 





LRI No LRI" p Vaiue 
YnasFRC (ml/s) 
Mo cf subjects 22 
Madan 125°4 214-9 0 0001 
35% CI 85 0 to 164°2 159 4 to 298 0 
Azan CV (%) 9-9 9-0 01] 
55% CI 8:2 to 11:3 6l to 9-4 
PC-a ig/l) 
Mo af subjects 19 20 
PMisdian value 10°3 16°5 0-97 
5% CI 2 82 to 23°82 2 35 to 27 86 


*LAl=lower respiratory tract illness, CV=coefacien: of variation (within subject). 


For both male and female infants the length 
adjusted VmasxFRC before challenge was sig- 
nificantly lower for the symptomatic group than 
for the cortral infants (table 2; fig 1). The 
median difference in length adjusted VmaxFRC 
between sympzomatic and control infants was 
108-0 ml/s for >oys (95% CI 45:9 to 251-6 ml/s; 
p=0-006) end 102-1 ml/s for girls (95% CI 17°8 
to 232:2 ml/s; p=0°013). There was no signifi- 
cant difference in repeatability of VmaxFRC 
expressed as a coefficient of variation between 
symptomar‘ic and control subjects (table 2). 

The median jacket pressure required to pro- 
duce flow limstation during the squeeze mano- 
eure was s-gniicantly lower for the group with 
lower respiratory tract illness than for the 
control infants (37 v 46 cm H,O respectively; 
p<0-05). There was no significant difference 
between s7mptomatic subjects and controls in 
the distribution of the shapes of the partial 
expiratory flow volume curves (concave:convex 
= 16:7 for subjects with lower respiratory tract 
illness and 12:10 for controls; p=0°46). 

Five iniants awoke before completing the 
histamine challenge. During baseline measure- 
ments, ope male infant from the group with 
lower respiratory tract illness had flow limited 
flow volume curves during tdal breathing, 
precluding histamine challenge. For the remain- 
ing infants, (nine control and 11 symptomatic 
boys; 12 contol and seven symptomatic girls), 
there wae no significant difference in PC3o 
between s"mptomatic infants and normal infants 
(table 2; Hgure 2). There was no correlation 


Boys Girls 
LRI No LRI LRI Nc LR! 


Vmax FRC 
23 8 8 & 


0 


Figure 1 Maxsmum flow at funcnonal residual capac 
(VmaxF RO, m/s), adjusted for length, for boys and gr 

with and without lower respiratory tract illness (LRI) The 
box, notches, and bars indicate median unth interquartile 
range, 95% CI, and range respectively. 
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LRI No LRI 


32 
18 

1 \ 
05 


Fıgure2 Concentration of histamine which caused a 30% 


PC3o (g/l) ` 
N Fa co 


decrease m maximum flow at functional residual capacity 
(PCs pari es (LRI anis umh and who Ice repay 
. The box, notches, and bars 


with interquartile range, 95% CI, and range 


between length adjusted VmaxFRC before 
histamine challenge and PC3,) for the whole 
study group. 

Before histamine challenge, oxygen satura- 
tion was greater than 94% for all subjects. 
During bronchial challenge only four infants 
desaturated below 90%, the minimum recorded 
Sao, being 83%, with spontaneous recovery. 
The maximum decrease in Ptco, from pre- 
challenge recordings was 4°2 kPa; in 11 infants 
Ptco, decreased by more than 2 kPa during 
challenge. There was no significant change in 
Ptcco, during histamine challenge. 


Discussion 

In contrast with reports of an association 
between bronchial responsiveness and wheezing 
in older subjects, * we found no association 
between bronchial responsiveness to histamine 
and lower respiratory tract illness in 6 month 
old infants. Baseline lung function, however, 
was reduced in symptomatic boys and girls, 
despite their being free of symptoms at the time 
of study. Our findings in children of atopic 
parents are similar to those reported by Stick et 
al in a random sample of the population,’° using 
similar methodology. 

The baseline measurements of VmaxFRC for 
the control subjects were similar to those few 
reference ranges reported for infants.” 7 All 
reference data show a wide scatter of size 
corrected VmaxFRC between subjects, but the 
method is repeatable within subjects. Doubt has 
been cast on the assumption that in healthy 
infants, flow limitation is achieved by the 
squeeze technique.” 7* This study does not 
determine whether the symptomatic infants had 
lower VmaxFRC before any respiratory illness 
(that is, whether small airway calibre might 
have predisposed them to symptomatic lower 
respiratory tract illness? 76), or, alternatively, 
whether deterioration in previously normal lung 
function was a consequence of lower respiratory 
tract illness. 

The configuration of the maximum expiratory 
flow-volume curve is a sensitive index of distur- 
bed pulmonary mechanics, indicating imbalance 
between peripheral elastic and flow resistive 
components of the lungs. Minor changes have 
been interpreted as indicating ‘small airway 


= 


Bronchial response m tnfants with lower respiratory tract illness 


disease’.*” The similarity in the shape of the 
partial expiratory flow volume curves in the 
group with lower respiratory tract illness and 
control subjects, despite the lower VmaxFRC in 
those with lower respiratory tract illness, is 
compatible with a pre-existing developmental 
pulmonary anomaly, as shown by Martinez and 
colleagues,” 7° rather than ‘lung damage’. The 
configuration of partial expiratory flow-volume 
curves in infants are, however, at least partly 
dependent on the external compression applied. 
Excessive jacket pressures tend to produce 
increasingly convex curves and a consequent 
reduction in, VmaxFRC, sometimes called 
‘negative pressure dependency of flow’.'® In our 
study various jacket pressures were used to 
determine the optimal pressure at which flow 
limitation was just achieved. 

The squeeze technique does not take account 
of changes in the level at the end of expiration 
during bronchial challenge. Assessing bronchial 
responsiveness from changes in VmaxFRC may 
therefore result in an underestimate of response 
in infants whose functional residual capacity 
increases during challenge.” A difference in the 
functional residual capacity in response to chal- 
lenge, between infants with lower respiratory 
tract illness and controls, could have masked a 
true difference in PCa. 

The levels of bronchial responsiveness to 
histamine which we found were lower (that is, 
PC3y was higher) than those reported pre- 
viously.!° |? Differences between studies in the 
methodology, especially in the duration of 
histamine nebulisation and in the type of jet 
nebuliser used, may be the explanation. The 
effect of air entrainment on the dose of aerosol 
delivered to the lungs varies with age,” but is 
unlikely to have been a factor as the infants in 
the group with lower respiratory tract ilness 
and controls were of similar size and age. 

Various factors may influence infant lung 
function and bronchial responsiveness. An 
Australian study looking at factors influencing 
bronchial responsiveness in early infancy 
showed that infants with either a family history 
of asthma or of parental smoking had increased 
levels of bronchial responsiveness at around 
1 month of age.” There was no difference in 
baseline VmaxFRC. In contrast, a more exten- 
sive population survey in Boston (USA) showed 
reduced levels of forced expiratory flow within 
the first two months of life in infants born to 
smoking mothers, without a change in the 
functional residual capacity.*! They did not 
assess bronchial responsiveness. There were 
insufficient numbers of maternal smokers in our 
study to look at the effect of maternal smoking 
on baseline lung function or bronchial respon- 
siveness. All of our infants had a parental 
history of atopy, though neither our subjects 
nor their parents were tested for atopy. 

A prospective study in young adults*” showed 
that enhanced bronchial responsiveness usually 
precedes the development of clinical asthma and 
is compatible with a genetic basis for it. 
Epidemiological studies of 7 and 11 year old 
children have shown that wheeze is not associated 
with bronchial hyperresponsiveness in the 
absence of atopy, but 1s strongly related to 
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bronchial hyperresponsiveness when atopy s 
present.” In a large longitudinal study of 01 
year old New Zealand schoolchildren,” chilc- 
hood asthma was shown to be strongly linked tb 
allergy. Bronchial responsiveness correlated 
significantly with allergy as determined by the 
serum IgE concentration, even in some childrea 
with no clinical features of atopy. 

There is reason to believe that the situation 
may be different in infants and young children, 
where infantile asthma is essentially a non- 
atopic illness? even among the infants of atopic 
parents.’ At the age of 3 years there was nc 
significant difference in bronchial responsivenes: 
between atopic and non-atopic preschool child- 
ren, all of whom had a history of severe 
wheeze.” It has been suggested that only those 
wheezy infants who have an atopic predisposition 
and whose airways become sensitised to aero- 
allergens will develop asthma in later 
childhood.” A prospective study of the relation. 
between bronchial responsiveness and atopic 
sensitisation by inhaled allergens would further 
elucidate this hypothesis. 

We suggest that at 6 months of age bronchial 
responsiveness is present in most infants and 
does not discriminate between those with and 
without lower respiratory tract illness. Lower 
respiratory tract symptoms are associated with 
reduced airway calibre rather than bronchial 
responsiveness. Later in childhood bronchial 
responsiveness may become a more important 
determinant of wheezing, together with atopy. 


This work was supported by Action Research and the Natronal 

Asthma Campaign. We are indebted to Mr R H Cumberland, 

ee paar Ltd, for computer software and Mr N Levy and Mr 
or technical assistance 
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Association of perinatal events, epilepsy, and central 
nervous system trauma with juvenile delinquency 


Paula Rantakallio, Markku Koiranen, Jyrki Mottonen 


Abstract 

The association of perinatal events, childhood 
epilepsy, and central nervous system trauma 
with juvenile delinquency was studied pro- 
spectively in a geographically defined popula- 
tion of 5966 males in northern Finland. Those 
who had obtained a criminal record up to the 
age of 22 years, totalling 355, or 6-0%, were 
defined as delinquents. The incidence of 
delinquency was not increased in males with a 
birth weight less than 2500 g or greater than 
4000 g, preterm births <37 weeks’ gestation, 
or those with perinatal brain damage or having 
epileptic seizures before 14 years of age. The 
incidence was increased by 6-8% in the group 
of males with birth weights less than 3500 g, 
but not significantly increased after standard- 
isation for a number of social and demographic 
background variables. The incidence was 
increased by 10-3% among the males who had 
had a central nervous system trauma by the 
age of 14 years, however, and this factor 
remained significant when social and demo- 
graphic factors were standardised by regres- 
sion analysis, with an odds ratio of 1-9 for all 
males with a criminal record and an odds ratio 
of 3-15 for those who had committed a violent 
crime. Previous central nervous system trauma 
may be a cause of delinquency, or another 
possibility is that the type of behaviour pursued 
by males who are likely to commit a violent 
crime will expose them more often to accidents 
which can result in central nervous system 
trauma. 


(Arch Dis Child 19923;67:1459-61) 


The later development of children with a less 
favourable perinatal period has been widely 
investigated with reference to psychomotor, 
somatic, and mental development, but less 
interest has been shown in the possible effect of 
perinatal problems on juvenile delinquency. 
Causes of delinquency have been sought amon 
social, psychological, and biological factors. ! 
Perinatal problems such as low birth weight and 
preterm birth may be followed by behavioural 
difficulties as an expression of brain damage, 
and central nervous system trauma and epilepsy 
during later childhood may be suspected to lead 
to similar difficulties. We analyse here the 
association of perinatal and childhood disorders 
with possible somatic consequences in the brain 
with juvenile delinquency in prospectively 
collected data on the northern Finland birth 
cohort for 1966.7 4 


Series and methods 

The original series consisted of 12 068 pregnant 
women who gave birth to 12 058 liveborn 
infants ın the two northernmost provinces of 
Finland in 1966, covering 96% of all births in 
the area during that year.* * Many social and. 
biological characteristics of the mother and 
family were recorded during the pregnancy, and. 
also perinatal factors such as birth weight, 
length of gestation, and perinatal mortality and 
morbidity after the delivery. The social status of 
the family and health of the children were 
recorded with another questionnaire when the 
children were 14 years old, in 1980 and 1981.7 A 
family questionnaire was answered by 96°1% of 
the families, and the data on school performance 
and general health for most of the other childrer 
were collected from the schools. Only 14 
children, 1-2 per thousand, had been lost tc 
follow up by that age. In addition, data on the 
children’s health and development were recordec 
continuously from birth onwards from various 
morbidity and mortality registers.* Obtainmen” 
of a criminal record by the age of 22 years wa: 
taken as an indicator of juvenile delinquency 

The relevant data were collected from the file: 
maintained by the Ministry of Justice for the 
population aged over 15 years of age anc 
analysed with the other data early in 1989. 

A total of 6007 boys and 5757 girls were alive 
at the age of 15 years, which, after 75 subject: 
with an intelligence quotient (IQ) less than 5% 
had been excluded (they had committed ne 
crimes), left 5966 males and 5723 females in 
the series, of whom 355 males (6°0%) and 4. 
females (0°7%) had committed at least on: 
crime leading to a criminal record betwees 
January 1981 and February 1989. Because ot 
the small number of female offenders, only the 
data for the males will be considered. 

The 355 males were sentenced for 2927 
crimes, several sentences often being given 
concurrently for different crimes—for example, 
driving an unauthorised motor vehicle without a 
licence while drunk. The most common enms 
were traffic violations, 238 males commuittin2 
1097 of these, though 115 of them had al 
committed crimes of other types. The second 
most common were crimes involving property, 
157 males committing such crimes a total cf 
1382 times. Violent crimes were taken D 
include homicides (only three instances), assault, 
robbery, arson, or violation of domicilary peace. 
A total of 104 males committed 239 suc 
crimes. Other types of crime were indiscipline, 
illegal sale or possession of alcohol or narcotic:, 
and sexual crimes, of which 111 males committed 
209. The number of males repeating a crime 
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was 197. The sentence was conditional in 328 
instances and. unconditional in 84. In addition, 
117 males were fined. Thus in many instances 
the same person had conditional and uncondi- 
tional sentences and still more often were also 
fined. Cases wh:ch result only in a fine do not 
constitute a c-iminal record, with an exception 
of the rare cese of the fine being conditional. 
There was one such case in this series. 

The perinate. factors studied were birth 
weight <250) g, <3500 g, and >4000 g, 
preterm births <37 full gestational weeks, and 
perinatal brain damage (table). Birth weight was 
known for all subjects and gestational age for 
5757, 96:5% of the total.* Children were con- 
sidered to have perinatal brain damage if they 
had an Apgar score of 0 at one minute or less 
than 5 at 15 mimutes, convulsions during the 
neonatal peried. or a diagnosis of asphyxia, 
brain injury, 3r intraventricular haemorrhage, 
but did not have central nervous system malfor- 
mation, chromosomal aberrations, or hereditary 
central nervocs system degeneration.® Subjects 
with epilepsy diagnosed up to the age of 14 
years’ and sukjects with central nervous system 
auma up to the same age® were also analysed. 
Epilepsy was considered to have been present if 
there had been at least one episode of paroxysmal] 
disturbance cf consciousness, sensation or 
movement, primarily cerebral in origin and 
unassociated with acute febrile episodes. Child- 
ren with febrile convulsions, blank spells, 
temper tantrums, and transient convulsions 
occurring in close relation to central nervous 
system trauma . central nervous system infection, 
or some other concurrent disorder were not 
included.” Th: diagnoses regarded as central 
nervous system traumas were trauma to the 
skull, cranial zracture, cerebral contusion and 
concussion, vertebral column trauma if there 
was also injury tc the spinal cord, or trauma to 
the peripheral nerves. Only subjects admitted to 
hospital and patents attending an outpatient 
clinic who urcderwent a special neurological 
examination and follow up were included.® 

The associations between health factors and 
juvenile delinquency were studied by stepwise 
logistic regress.oc. analysis and the relative risk 
cf delinquency was estimated by the odds ratio 
(OR) and its 95% confidence interval (CD. 
Stepwise logistic regression analysis selects the 
explanatory variables in such a manner that only 
ane of a pair of variables with a high correlation 
between them is included in the model, for 
example, of the numerous birthweight variables 
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only that showing the closest association with 
juvenile delinquency will be included.” Many 
social and demographic factors affecting the 
family can function as confounding factors and 
were therefore included in the analyses. These 
factors were place of residence (urban/rural) and 
social class of the father at birth, social mobility, 
and internal migration up to the age of 14 years, 
maternal schooling, age, and marital status at 
birth, parental employment, complete versus 
incomplete family and number of siblings (all at 
the age of 14 years), desirability of the pregnancy 
for the mother, maternal smoking during 
pregnancy, and paternal smoking during child- 
hood. The non-response to the family question- 
naire, 3:9% of the subjects, was also seen as a 
confounding variable and was controlled by the 
logistic regression analysis. These factors have 
been described more fully elsewhere. ° 


Results 

The table analyses the incidence of delinquency 
by perinatal events, epilepsy, and central 
nervous system trauma. Only in the subjects with 
birth weight <3500 g and those with central 
nervous system trauma is the incidence statisti- 
cally significantly increased, by 6°8% for the 
former group and 10°3% for the latter. Of the 16 
subjects with central nervous system trauma 
and a criminal record, 13 had had concussion, 
one cerebral contusion, one cerebral contusion 
and cranial fracture, and one spinal fracture and 
spinal cord lesion. To study the effect of these 
biological and health factors on delinquency 
with the social and demographic background 
variables standardised, a logistic regression 
analysis was performed. All the variables 
presented in the table were included as explana- 
tory variables, together with the social and 
demographic factors described under methods. 
The only health factor which had a significant 
association with delinquency was central nervous 
system trauma before the age of 14 years, which 
increased delinquency (OR 1°9, 95% CI 1:09 to 
3-30). The social and demographic factors 
which increased the risk of delinquency were 
low social class, downward social mobility, one 
or no parent in the family, urban dwelling, 
parental smoking, and non-response to the 
health questionnaire. 

Omission of maternal smoking from the 
explanatory variables did not alter the results—. 
that is, trauma to the central nervous system 
was significant but not the other health variables. 


Number of males with a cruminal record by biological and health factors 


E and No of subjects 
h factor with criminal record 
Birth weight <250C g 12 

Birth weight <3500 g 177 

Buth weight >400C 61 

Preterm birth <37 i? gestahon* 30 

Firstborn infant 119 

Born 4th or later 19 femily 66 

Perinatal brain damage 3 

Epilepsy 5 

Trauma to central nervous system 16 

All subjects 355 


*Known for 5757 naks. 


All males Incidence of Difference wth 
criminal record (%) respect to others, 
by ytes 
(p value) 
178 67 0651 
2611 6°8 0-017 
1058 5-8 0:778 
502 6:0 0:972 
1921 62 0-598 
1052 60 0 929 
75 40 0:472 
95 5:3 0-775 
155 10-3 0-020 
5966 60 
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Pertnatal events and delinquency 


As brain damage has been suspected as a 
particular cause of violent crimes, two further 
logistic regression analyses were performed: on 
males who committed a violent crime and on 
males who committed some other type of crime. 
Central nervous system trauma increased the 
risk in the former analysis (OR 3°15, 95% CI 
1-37 to 7°26) but not significantly so in the latter 
(OR 1:47, 95% CI 0°72 to 2°98). In neither of 
these analyses was any other health factor 


significant. 


Discussion 

Roughly 10% of Finnish males will acquire a 
criminal record during their lifetime. The main 
type of crime among males who are sentenced 
for the first time after adolescence is financial 
impropriety—for example, infringement of 
bankruptcy laws or tax evasion. Thus our series 
with a 6% rate of criminal records includes a 
substantial number of subjects in this cohort 
who will commit crimes other than financial 
crimes. Nevertheless some of the cohort 
members had committed only a minor crime 
and will never do so again, but these subjects 
can be identified only by further follow up 
surveys. 

The boys with a low IQ (<50) were excluded 
because they were over represented among the 
subjects with epilepsy and those with perinatal 
brain damage and can be taken as less ‘capable’ 
of juvenile delinquency as measured by a 
criminal record and are therefore potential 
confounding elements. Nevertheless, the inci- 
dence of delinquency was not increased either in 
the subjects with epilepsy or in those with 
perinatal brain damage (table). The incidence of 
delinquency was statistically significantly 
increased among the males with a birth weight 
less than 3500 g, but when the background 
variables were standardised by logistic regression 
analysis this significance disappeared, because 
lower birth weight has an association with 
factors such as low social status and maternal 
smoking during pregnancy. A positive associa- 
tion between unfavourable perinatal events and 
delinquency has been found in some series!! !* 
but not in another.!? '* In our series there was 
clearly no such association. 

The association between epilepsy and 
delinquency, especially that seen in violent 
crimes, has been widely discussed!*-!” without 
any clear agreement being reached. Our defini- 
tion of epilepsy was broad, and many of these 
males were probably no longer having seizures 
during adolescence, but it is evident that the 
group having epileptic seizures during childhood 
have no particular risk of juvenile delinquency. 
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Central nervous system trauma was the only 
health factor which had a statistically significan- 
association with delinquency, especially witt 
that seen in violent crimes, and it remainec 
significant when the data were standardised for 
many of the background variables. Previous 
retrospective Finnish surveys have not founc 
such an association. '¢ '® This relation may be 
causal, but another possibility is that the type ot 
behaviour pursued by males who are likely tc 
commit a violent crime will expose them more 
often to accidents which can result in central 
nervous system trauma. 

The causes of juvenile delinquency are z 
complex matter clos¢gly related to childhood and 
adolescent psychiatry, sociology, psychology. 
neurophysiology, and criminology. We cannot 
go into the theories and findings in those fields 
here, but the results show clearly that whatever 
the reasons for delinquency, they are not 
mediated through perinatal disorders or child- 
hood epilepsy. 


This study was supported by grants from the Academy oz 
Finland. 
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Urinary protein/creatinine index in follow up of 
patients with Wilms’ tumour after nephrectomy 


C Mpofu, J R Mann 


Abstract 

The protein creatinine index (p/c) was deter- 
mined in early morning urine (EMU) samples 
from available patients with Wilms’ tumour 
who had fad a nephrectomy and whose 
diagnosis had been made between January 
1970 and December 1989. Clinical details 
were obiain2d by case note review. Results 
were obtained from 36 boys and 40 girls. The 
mean iaterval between nephrectomy and 
measuremect of the EMUp/c was 9-0 years 
(2-23). Eleven patients had a EMUp/c greater 
than 20 mg/mmel (normal range less than 20). 
Of the 11 pa-ients with proteinuria, there were 
in addition to nephrectomy other adverse 
features including bilateral tumours, treatment 
with nephrctoxic drugs, and dysplastic kid- 
neys. Rena. dysfunction seems most likely 
to occur where there are adverse factors in 
addition to unilateral nephrectomy. There 
was a significant correlation between the 
glomerular filtration rate and the EMUp/c, 
and it is thought that this is a simple tool 
which can be used for the regular monitoring 
of renal junction in these patients. 


(Arch Dis Chud 1992,67:1462-6) 


The higk survival rate for children with Wilms’ 
tumour has ~aised concern about the ability of 
the remaining k:dney to sustain adequate renel 
function and allcw a normal life span. The main 
source of concern is the growing number of 
reports of glomerular hyperfiltration.! ? 
Children with Wilms’ tumour invariably lose at 
least half of -heiz renal mass and therefore need 
systematic investigation to define the extent of 
the problem and to identify special risk factors. 
The need Zor regular monitoring of these 
children’s renal funtion also raises the issue of 
how extensively tests should be carried out 
during follow uf. 


Patients and methods 

Assessment of renal function was carried out 
between January 1989 and December 1990 for 
patients receiving long term follow up for 
Wilms’ zumour at The Children’s Hospital in 
Birmingaar. Cnly children whose diagnoses 
were made between January 1970 and 
December 1989 were included. Instructions 
were given to parents about the collection of 
early morning urine (EMU) samples on the 
morning that they were due to visit the clinic for 
review. Particular emphasis was placed on the 
need for the samples to be collected before the 
patient wes ambulant. Urinary protein’ 


creatinine indices (EMUp/c) were then mea- 
sured on these samples using the Coomassie 
blue dye-binding method.*? The upper limit of 
normal values for the EMUp/c has been estab- 
lished as 20 mg/mmol.* Blood pressure was 
measured, the diastolic pressure being taken as 
the point of disappearance of all sounds. Urine 
was also collected for culture. Estimates of the 
glomerular filtration rate were made, where 
creatinine measurements were available, from 
the formula heightk/plasma creatinine, where 
k is a constant whose value depends on age and 
sex.” Clearance of chromium-51 labelled EDTA 
was determined in other patients. The subjects 
were divided into two groups according to the 
associated EMUp/c values. Renal biopsy samples 
were taken from two patients in view of the 
severity of their disease. A retrospective review 
of the diagnoses and management details of the 
patients was carried out using their case notes. 
The patients were all receiving unrestricted 
diets, with the exception of two for whom 
dietary protein intake had been reduced in an 
attempt to slow down the rate of renal deteriora- 
tion. There were no documented urinary tract 
infections at the time of assessment. 


Results 

Ninety seven urine samples were obtained from 
76 patients (36 boys and 40 girls). The mean 
interval from nephrectomy was 9°0 years (2—23 
years). The mean age at nephrectomy was 3°41 
years. There was no significant difference in age 
at nephrectomy between the patients with 
proteinuria and those without. In 11 patients 
the EMUp/c was greater than 20 mg/mmol, 
whereas in 65 patients it was below the upper 
limit of normal. Sixty four (99%) of the latter 
had unilateral tumours, and one (2%) had 
bilateral tumours. Of those with a EMUp/c 
greater than 20 mg/mmol, seven (64%) had 
unilateral tumours and four (36%) had bilateral 
tumours. All patients with a EMUp/c greater 
than 20 mg/mmol also had positive albustix 
tests. No haematuria was detected in any of the 
patients. 


RADIOTHERAPY 

A total of 42 (55%) patients had received 
radiotherapy. Thirty one (74%) had received 
radiation to the renal bed only, seven (17%) had 
received radiation to the whole abdomen, two 
(5%) had received radiation to the renal bed and 
lungs, one (2%) had received radiation to the 
whole abdomen and lungs, and one (2%) had 
received radiation to the lungs only. 
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Glomerular filtration rate 


(ml/min/1:73 m?) 


The median radiation dose for those children 
with EMUp/c greater than 20 mg/mmol was 
2820 cGy, and that for children with EMUp/c 
less than 20 mg/mmol was 2000 cGy. However 
these dose differences were not statistically 
significant (p>0°05 by Wilcoxon rank sum 
test). Those patients receiving whole abdominal 
radiation were equally distrubuted between 
those with proteinuria and those without (three 
in each group). Only one patient with bilateral 
disease received radiotherapy to one renal bed 
after nephrectomy, but this was stopped after 
only one fraction (total dose 150 cGy). 


BLOOD PRESSURE 

Two patients were receiving treatment for 
hypertension (diastolic blood pressure persis- 
tently above the 97th centile for age and sex). 
These two patients had abnormal renal function 
and their blood pressures had been normal 
before the deterioration in renal function. They 
had had bilateral tumours, one of them also 
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Figure l Frequency histogram: SD scores for systolic blood 
pressure. 
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Figure2 Frequency mstogram: SD scores for diastoltc 
blood pressure. 





50 100 150 200 
EMUp/c (mg/mmol) 


Figure 3 Correlanon between glomerular filtration rate and the EMUpic 
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having underlying multicystic kidney disease 
The blood pressure results were expressed a: 
SD scores. These were derived from the Repor 
of the Second Task Force on Blood Pressure 
Control in Children. For systolic pressure the 
mean (SD) was 0°72 (1°29) (median 0°77). Foz 
diastolic pressure the mean (SD) was 0°48 (1:14 
(median 0°54) (figs 1 and 2). 


URINARY TRACT INFECTIONS 

Nine patients had recorded urinary trac’ 
infections. Five had a EMUp/c less than 2C 
mg/mmol and four had a EMUp/c greater thar 
20 mg/mmol. Only one of these patients hac 
recurrent infections; all the others were single 
episodes that were successfully treated. 


GLOMERULAR FILTRATION RATE 

Results of glomerular filtration rate estimations 
were available from 55 patients. Only four or 
these were obtained from chromium-5] labellec 
EDTA clearance measurements; the rest were 
estimated from serum creatinine concentrations 
Forty six patients had a EMUp/c less than 2C 
mg/mmol and nine greater than 20. No patient 
had a glomerular filtration rate less than 80 m. 
min/1:73 m? in the group with a EMUp/c less 
than 20 mg/mmol, and their mean glomerular 
filtration rate was 104°51 mlmin/l:73 m* 
(96-01—132-35). In those patients with a EMUp/c 
greater than 20 mg/mmol, three (33%) had = 
glomerular filtration rate less than 80 ml/min. 
1-73 m*) (mean 88°66 (39-121-6)). The mear 
(range) intervals between nephrectomy anc 
glomerular filtration rate results were 3°3€ 
(0:1-1 1-02) years and 9°52 (1°6~-22°2) years for 
those with a EMUp/c less than and greater thar 
20 mg/mmol respectively. There was a significant 
correlation between the EMUp/c and glomerular 
filtration rate (Pearson’s correlation coefficient 
—0-61) (g 3). The glomerular filtration rate ot 
the five patients with bilateral tumours are 
shown in table 1. 


CHARACTERISTICS OF PATIENTS WITH A EMUP/C 
>20 MG/MMOL 

Table 2 summarises the main features of those 
1] patients with abnormal renal function. Their 
mean age at nephrectomy was 2°42 years. 
Compared with 3°59 years for the 64 patients 
with a EMUp/c less than 20 mg/mmol. This 
difference was not significant. Four of the 
patients were severely affected (EMUp/c >8C 
mg/mmol) and three of these had bilateral 
tumours. Of the seven patients with less severe 
proteinuria (EMUp/c 20°3~-28°9 mg/mmol), only 
one had bilateral tumours. This patient’s values 


Table 1 Glomerular filtration rate for children wuk 
bilateral Wilms’ tumour 


Patient No Glomerular EMU ple 
filtranon (mgimmol) 
rate (mifnun/1 73 n?) 

1 39-0 >20 

2 61:7 >20 

3 97-2 >20 

4 1165 >20 

5 1155 <20 
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Table 2 Characterisecs of children with a EMUpic greater than 20 mg/mmol 


Unnary protetn/creatunine index in follow up of Wilms’ tumour 








Pareri Swe of Operanon Chenotherc py} Radotherapy Other Age at No of Intercal EMUpic 
No tumour perforned’ characteristics nephrectomy urinary between (mg/mmeol) 
> ) tract nephrectomy and 
infections measurement 
(years) 
l Bilateral CU VAC Renal bed Polycystic i-] l 22 198 
2 Bilateral BPN AVA ~ — 2-0 l 5 42 
3 Bilateral BPN AVA — Polycystic 1-7 Recurrent 12 170 
anirtdia, 
Wilms’ 
pyelonephritis 
4 Buateral UN a Whole lung — l 3 43 
5 Unilateral UN AVA Renal bed, — 1-9 oo 13 40 
VIC pelvis 
6 Unilateral UN VCR Whole abdomen — 3-4 _ 14 27 
7 Unilateral UN AVA Whole abdomen, — 7-0 — 5 93 
VI pelvis 
8 Unilateral UN AV _ Dysmorphic 2:7 — 5 29 
syndrome 
9 Unilateral UN AVA _ -— 17 “ee 16 56 
10 Unilateral UN AVA ~= Toxic gentamicin 15 ma 15 22 
concentrations 
il Unilateral UN AV Whole abdomen — 0-8 ~ 16 23 


"UN=unilateral nephrectomy; BFN=builateral partial nephrectomy; CU=complete nephrectomy and contralateral 
+*VAC=~tncristine, actihomycin, and cyclophosphamide, AVA-=actinomycin, vincristine, and 


Adnamycn, VI 


nephrectomy 
s<vincristine, ifosfamide, and carboplaun, 


ViC=viacristine, fosfar de, and cisplatin, VI= vincostine and ifosfamide, AV =actinomycin and vincrisune; VCR=vincnstine. 


for the E[AUp/c have steadily decreased from 52 
to 20:3 mz/m-nol. 

There weze four patients with bilateral 
tumours necessitating extensive surgery. One of 
these patients had unilateral multicystic renal 
dysplasia and the other had bilateral multicystic 
renal dys>las_a and the aniridia~Wilms’ tumour 
syndrome, recurrent urinary tract infections, 
and histological evidence of chronic pyelone- 
phritis. The other patient’s renal biopsy sample 
showed widespread interstitial fibrosis, tubular 
atrophy, marked glomerular enlargement, and 
hilar arteriolar thickening with intramural 
hyaline depcsits. Two of 11 glomeruli were 
zlobally sclerosed, with no focal segmental 
sclerosis being identified. These findings pro- 
bably represented the results of previous 
irradiation with changes of glomerular hyper- 
filtration superimposed. The biopsy samples 
had been taken in view of the severity of these 
patient’s renal disease. Another of these four 
patients also received ifosfamide (10°8 g/m7), 
carboplatin 737:3 mg/m’), and whole lung 
irradiation for pulmonary relapses. Only one 
patient 19 this group received renal radiation 
(150 cGy). Df the remaining seven patients 
(unilateral tumours), two had Beckwith’s syn- 
drome. Theyreceived whole abdominal radiation 
(2250 and 3030 cGy), one of them also receiving 
ifosfamice (50 g/m’) for a recurrence of the 
tumour. Another patient with a recurrence of 
the tumour received treatment that included 
ifosfamice (€0 g/m?) and cisplatin (300 mg/m’). 
One patient received whole abdominal radiation, 
another received acyclovir for chickenpox 
prophlyaxis and toxic concentrations of 
gentamicin during treatment of fever and 
neutropenia. One patient had a familial syndrome 
of mental retardation and hypotonia. In the 
remaining patient no additional features were 
identified. A total of three patients has received 
nephrotcxic drugs, making it impossible to 
determine the correlation between drug dose 
and degree cf proteinuria. None of the patients 
with normai protein excretion had received 
nephrotexic drugs. 


Discussion 

One of the earliest studies of renal function in 
survivors of Wilms’ tumour was carried out by 
Mitus et al.’ It focused on the role of radio- 
therapy to the'remaining kidney and calculated 
the dose of radiation using the known scatter of 
radiation from the old orthovoltage machines. 
They concluded that at doses greater than 1200 
cGy there was significant kidney damage. 
Barrera et al found that onlv two of 16 children 
had mild proteinuria. They had normal 
glomerular filtration rates, were normotensive, 
and radiotherapy was not found to be important 
in the aetiology of the proteinuria. Two studies 
have been published suggesting that renal func- 
tion is normal for most survivors of unilateral 
Wilms’ tumour. In the study by Bhisitkul et al,” 
renal functional reserve was found to be normal 
in 12 survivors of unilateral Wilms’ tumour 
(follow up 9-23 years) and their matched 
controls. This was determined by measurement 
of creatinine clearance before and after an acute 
protein load by mouth. They concluded that for 
up to 15 years after nephrectomy for unilateral 
Wilms’ tumour there was no evidence of hyper- 
filtration injury. In the study by Makipernaa et 
al four of 30 subjects had a subnormal kidney 
length and five had hypertension.'® Tubular 
function was normal, and albumin excretion 
was greater than 20 mg/24 hours in three 
subjects. No correlation was established between 
albuminuria and treatment modalities. The 
follow up time for this study was 11-28 years. 
There have, however, been case reports of 
children with congenital single kidneys who 
have subsequently developed serious renal 
impairment, Thorner et al reported three 
children with single kidneys who developed 
persistent proteinuria and deterioration in the 
glomerular filtration rate.!! All had renal biopsy 
samples showing focal segmental glomerulo- 
sclerosis. In another report two children treated 
for Wilms’ tumour at 3-5 and 18 months of age 
developed persistent proteinuria and glomerulo- 
sclerosis,!? one of them requiring a kidney 
transplant at 21 years of age. 
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In our study we used the protein/creatinine 
index in early morning urine samples as an 
indicator of renal function, and only carried out 
more detailed assessment in those patients with 
abnormal results. Support for this approach can 
be found in animal and human studies. Provoost 
et al carried out work on rats in which they 
assessed the effect of various levels of dietary 
protein on renal function in nephrectomised 
and non-nephrectomised rats.'? Examination of 
their curves for glomerular filtration rate and 
urinary protein excretion shows that proteinuria 
preceded the decrease in glomerular filtration 
rate. A similar approach was taken by Milford et 
al.'* In their study of children with diarrhoea 
associated haemolytic uraemic syndrome, they 
found a strong correlation between the level of 
protein excretion and renal function. Barratt et 
al also observed that significant glomerular 
disease could be present in the absence of any 
changes in glomerular filtration rate 
measurements." The measurement of 
proteinuria therefore provides a method of 
detecting glomerular disease at an early stage 
and a way of monitoring its course and response 
to treatment. Assessment of proteinuria can be 
carried out simply and reliably by measurement 
of the protein:creatinine ratio in single urine 
samples,'° 7 the effect of exercise and the 
upright posture being eliminated by using early 
morning urine.* 

The results of our study show that 10 of 11 
of the patients with an abnormal EMUp/c had 
adverse factors in addition to nephrectomy 
contributing to impaired renal function. This 
finding is supported by another study of patients 
undergoing nephrectomy in childhood.'* The 
significance of the syndrome of mental retarda- 
tion, dysmorphism, and hypotonia in relation to 
renal function remains unclear, however. The 
presence of bilateral tumours was clearly asso- 
ciated with the subsequent development of 
protemuria (four of five such patients), the 
common feature being a loss of large proportions 
of kidney tissue. The most severely affected 
patients were those with bilateral tumours 
(three of four), the less severely affected having 
unilateral tumours (six of seven). In addition to 
this two of the severely affected patients had 
underlying renal abnormalities that could them- 
selves have led to endstage renal failure (multi- 
cystic dysplastic kidneys), and one subsequently 
received ifosfamide and carboplatin (nephro- 
toxic drugs). Although we have no biopsy 
material, it is well known that Beckwith’s 
syndrome is associated with renal disease.'? The 
two patients with this syndrome had received 
whole abdominal radiation and one had also 
received ifosfamide, so they had multiple 
reasons for the development of impaired renal 
function. 

The one patient with no obvious factors in 
addition to nephrectomy could have impaired 
renal function due to glomerular hyperfiltra- 
tion. This has been described in several studies 
on unilaterally nephrectomised rats! * 7° and 
the underlying pathology is identified as focal 
segmental glomerulosclerosis. Other studies 
have shown glomerular hyperfiltration in 
children and young adults with diabetes 
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mellitus.” -7 Morita et al,** in their study oi 
renal biopsy samples from children and adults 
with reflux nephropathy, found a strong posi- 
tive correlation between the percentage of 
glomeruli showing focal segmental glomerulo- 
sclerosis and the severity of proteinuria 
(r=0°89; p<0-0001). The two renal biopsy 
samples showed chronic pyelonephritis in one. 
and early changes of glomerular hyperfiltration. 
in the other. 

Our study found that most (86%) of the 
children surviving Wilms’ tumour had a normal 
renal function. Impaired renal function was 
found in 10% of patients with a unilateral 
Wilms’ tumour (seven of 71), and 80% with 
bilateral tumours (four of five). Bilateral 
tumours clearly pose a high risk of developing 
impaired renal function. Pre-existing renal 
abnormality, whole abdominal radiation, and 
the use of nephrotoxic drugs provided extra risk 
factors for those patients with unilateral and 
those with bilateral tumours. The age at 
nephrectomy was lower for patients with 
reduced renal function compared with those 
whose renal function was normal, though this 
difference was not statistically significant. 
Other studies have also found similar results.?° 76 
We consider that the use of the protein/ 
creatinine index in early morning urine 
samples, with measurement of blood pressure, 
is a simple way of monitoring these patients. 
Our current practice is to perform a baseline 
determination of the EMUp/c on completion of 
treatment and annually thereafter as long as 
results are normal. When abnormal results are 
obtained the patients are referred to the nephro- 
logy department for further evaluation and 
management. 

To understand more clearly the natural course 
of renal function after nephrectomy for Wilms’ 
tumour longitudinal studies over prolonged 
periods of time are needed. It is planned to 
carry out such studies in our centre, and these 
will include measurements of blood pressure, 
renal mass, and function, and storage of urine 
samples should allow future measurement of 
proteins not currently measurable. 
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Teachers’ perceptions of 


M J Bannon, C Wildig, P W Jones 


Abstract 

A questionnaire survey undertaken among 142 
schoolteachers in North Staffordshire revealed 
most of the respondents did not feel confident 
when teaching children who had epilepsy and 
a minority considered their knowledge of the 
subject to be adequate. Only four teachers 
had received recent specific instruction on 
childhood epilepsy and the majority requested 
training on epilepsy and other medical condi- 
tions. Despite this lack of confidence and 
specific training, the respondents demon- 
strated good general knowledge of epilepsy 
and adequate awareness of the difficulties 
encountered by epileptic schoolchildren. If 
optimal care is to be achieved for children 
with epilepsy, then teachers must feel confi- 
dent with this subject. School health services 
have a clear role in ensuring that teachers 
have sufficient knowledge of childhood 
epilepsy, that they have adequate support, 
and that communication between teachers, 
parents, and paediatricians is encouraged. 


(Arch Dis Child 1992,67:1467-71) 


Teachers, in general, do not receive any formal 
instruction on childhood illness during their 
waining. Following the integration of children 
with special needs into mainstream schools, 
teachers are now quite likely to encounter 
children with a wide variety of significant 
medical disorders. Previous studies have already 
demonstrated a lack of knowledge among school 
teachers of common chronic disorders such as 
asthma’ and diabetes.” Epilepsy is one of the 
more common diseases encountered among 
schoolchildren with an overall prevalence of 
four to five per thousand.° 

A survey in 1975 demonstrated that teachers 
had a limited understanding of epilepsy and that 
little or no support on the subject was available 
to them from the school medical service.* It is 
important to consider the attitudes and awareness 
that teachers may have regarding childhood 
epilepsy. Although a common disorder, it still 
possesses a social stigma that may result in 
parental reluctance to share information with 
teaching staff. In addition, there is evidence to 
suggest that children with epilepsy, as a group, 
are more prone to learning disorders.” As much 
as 40% of a child’s waking life is spent at school, 
and during that time teachers could have an 
important part to play in the management and 
surveillance of children with epilepsy. 

The aim of this study was to determine 
current attitudes and awareness of childhood 
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epilepsy 


epilepsy held by school teachers in North 
Staffordshire. 


Methods 

One hundred and forty nine schoolteachers in 
12 mainstream schools were invited to participate 
in the study. Teachers’ knowledge and attitudes 
were determined by means of a self completed 
questionnaire consisting of 39 questions. The 
questions were mainly of the true/false variety 
but also allowed for teachers to express their 
opinions by means of free text. The areas 
covered by the questionnaire included: 

(1) Teachers’ personal details incuding age, 
sex, years of teaching experience, and whether 
they had first aid training. 

(2) General knowledge of the aetiology, pre- 
sentation, treatment, and outcome of school- 
children with epilepsy. 

(3) Previous experience of epilepsy in chil- 
dren, including personal encounters with 
epileptic children and previous specific training 
on childhood epilepsy. 

(4) Views regarding possible learning diffi- 
culties in epileptic children and the most 
appropriate school placement for them. 

(5) Appropriate restrictions of activity for 
children who had epilepsy; appropriate careers 
for them and views regarding the difficulties 
that might be encountered by them on leaving 
school. 

(6) First aid treatment of epileptic fits and 
views regarding the administration of rectal 
diazepam at school. 

(7) Overall confidence of the teachers when 
presented with a child with epilepsy. 

(8) Levels of communication 
parents, teachers, and medical staff, 


Statistical analysis of results was achieved by 
means of the Number Cruncher Statistical 
System statistical package version 5 (Utah, 
1989). Because of occasional missing data, totals 
in the tables may not add up to 100%. 


between 


Results 

(1) TEACHERS 

One hundred and forty two teachers (44 male, 
98 female) participated in the study; seven 
teachers refused. Ninety four teachers (66%) 
were aged 35 years or more and 90 respondents 
(63%) had 10 or more years of teaching experi- 
ence. Twenty seven teachers (19%) were first 
aiders. 


(2) GENERAL KNOWLEDGE OF EPILEPSY 
Table 1 summarises the responses to 10 general 


Table I Teachers’ general knowledge of epilepsy. Figures are number (%) of teachers 


— 


. An epileptic fit happens when there 1s a discharge 
of abncrmal electrical activity ın the brain 
All children who have fits have epilepsy 
. Epizpsy can run tn families 
In some uc children a fit can be tnggered by 
hi 


fleshing ligh-s 
. Children sith epilepsy are usually educationally 
subnormal 
Druzs used to treat epilepsy can cause drowsiness 
The outlook fo- children with epilepsy is mostly 


. The proporttoc of schoolchildren with epilepsy is 
approxmnate-y 0°5—1:0% 
oP can occur following a head injury 


e test most often used to diagnose epilepsy 1s 
caled an EEG 
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knowledge questions concerning epilepsy. The 
number of correct responses varied from 99% to 
questicn 5, wh:ch asked if children with epilepsy 
were usually educationally subnormal, to 27% 
correctfor question 8, which asked the prevalence 
of epilepsy in schoolchildren. The mean overall 
numbez of zorrect replies was 70%. 


Table 2 Teachers’ previous experience of epilepsy. Figures 
are number (w) of teachers 


Responses 
Yes No Don’t know 


Have you ever witnessed 

a fit? 97 (69) 43(31) 1(1) 
ger i es spe i 81 (57) 53 (38) (5 

Ww. 7 (5) 

Have you a cele 

relauve with epilepsy? 41 (29) 93 (66) 7 (5) 
Have you atterded 

courses on esilepry? 4 (3) 137 (97) 0 (0) 


Have you read eaflets on 
epilepsy? 31 (22) 108(7) 2(1) 


Table 3 Reæonszs of teachers to regarding 
epilepsy aud learning. Figures are number (%) of teachers 


True False Don’t know 
Children with epilepsy are 
more likely to have 
problem: with leaming 21 (15) 97 (68) 24 (17) 


Yes No Don’t knew 
Would you accept a lower 
standard of work Tom a 
child with ep-Jepsy ?: 7 (5) 118 (83) 18 (12) 


Where should ciuldren with epilepsy be educated? 
All in normal schcols 68 (48 
Most in aorm:] schools 65 (46 


Correct Actual answers 
True False Don’t know 

True 109 (77) 5 (4) 28 (20) 
False 129 (91) 3(2) 10(7) 
True 94 (66) 13 (9) 35 (25) 
True 123 (87) 6 (4) 13 (9) 
False 0 (0) 114 (99) 2 (1) 
True 85 (60) 8 (6) 49 (34) 
True 119 (84) 2(1) 21 (15) 
True 38 (27) 42 (30) 62 (44) 
True 65 (46) 18 (13) 59 (41) 
True 89 (63) 6 (4) 47 (33) 


(3) PREVIOUS EXPERIENCE OF EPILEPSY (TABLE 2) 
The majority of teachers had witnessed an 
epileptic fit (n=97; 69%) or had taught a child 
with epilepsy (n=81; 57%). Forty one teachers 
(29%) had either a friend or a relative with 
epilepsy. Thirty one teachers (22%) could 
remember reading leaflets or other literature 
concerning epilepsy and four teachers (3%) had 
attended a seminar or course on childhood 
epilepsy within the last five years. When asked 
from whom they would obtain further informa- 
tion regarding epilepsy, 120 (88%) would 
approach the school doctor; 12 (8%) would 
make inquiries from the child’s general practi- 
toner, and five (4%) would ask the school 
nurse. 


(4) EDUCATIONAL ASPECTS OF EPILEPSY 

Ninety seven teachers (68%) did not consider 
that children with epilepsy were more likely to 
have problems with learning and their consensus 
of opinion was such that they should not expect 
a lower standard of work from children with 
epilepsy (table 3). The majority of teachers were 
of the opinion that either all or most epileptic 
children should be educated in mainstream 
schools. 


(5) RESTRICTIONS 

Table 4 refers to the teachers’ responses con- 
cerning restrictions that might be imposed on 
schoolchildren with epilepsy. In general, 
teachers considered football, running, and 
gymnastics but not rock climbing to be appro- 
priate sports. They disagreed with statements 
that children with epilepsy should never ride a 


Table4 Respcnses of teacher to questions regarding childhood epilepsy and restrictions. Figures are number (%) of teachers 


True False Don’t know 

1 The follcwingare suitable sports for most children with epilepsy: 

Foot 120 (85) 2(1) 20 n 

Running 121 (85) 2(1) 19(14 

Rock climbmg 23 (16) 82 (58) 37 (26) 

Gymnastics 71 (50) 31 (22) 40 (28 
2 Children with 2pilepsy must never ride a bicycle 3 (2) 116 (82) 23 (16 
3 Children-with =pilepsy will never be allowed to drive 12 (9) 102 (72) 28 (19 
4 Children with =pilepsy should not participate in laboratory experiments 1(2) 117 (83) 24 (17) 
5 Children with =pilepsy must never go swimming 76) 121 (85) 14 (10) 
5. Suitable careers for shudren with epilepsy are: 

Teacher 97 (68) 18 (13) 59 (19) 

Bus dr-ver 10 (7) 111 (78) 21 (15) 

Nurse 77 (54) 31 (22) 34 oth 

Accountant 127 (89) 0 (0) 1S (11) 


“~~ 


Teachers’ perceptions of epilepsy 


bicycle, never be allowed to drive, never parti- 
cipate in laboratory experiments, and never 
go swimming. Suitable careers, in their opinion, 
for epileptics were teaching, nursing, accoun- 
tancy, but not bus driving. The teachers were 
asked to state those difficulties which children 
with epilepsy might encounter when leaving 
school and their responses were as follows: 
employer discrimination (n=59; 42%), ignorance 
of others (n=29; 20%), problems of social 
integration (n=27; 19%), lack of acceptance by 
colleagues (n=12; 8%), and limited job choice 
(n=11; 7%). 


(6) TREATMENT OF EPILEPTIC FITS 

Table 5 indicates the answers to a question 
where teachers were asked to define their 
responses in the event of a child having an 
unexpected fit in the classroom. The majority of 
teachers would place the child in the recovery 
position, would not place a handkerchief in the 
child’s mouth, would not immediately call for 
an ambulance, and would not attempt to restrain 
jerking limb movements. As to the appropriate- 
ness of always sending a child home after a fit, 
there was some uncertainty regarding this with 
almost equal numbers answering ‘yes’ or ‘don’t 
know’. Teachers were also asked who was the 
most appropriate person to administer rectal 
diazepam. Fifty teachers (35%) declined to 
answer this question. Of those who responded 
the answers were as follows: teacher (n=7; 8%), 
head teacher (n=2; 2%), school nurse (n=39; 
42%), doctor (n=23; 25%), classroom assistant 
(n=3; 3%), and first aider (n=17; 18%). The 
teachers were also asked to give reasons for their 
answers to this question and comments included 
that they would not accept responsibility for 
this treatment and that training in the adminis- 
tration of rectal diazepam would be needed. 


(7) LEVELS OF CONFIDENCE 

The respondents were asked if they could 
evaluate their overall levels of confidence when 
teaching or supervising epileptic children. Only 
seven teachers (5%) felt very confident when 
dealing with children who had epilepsy, 44 
(31%) felt quite confident, and 90 (64%) replied 
that they did not feel confident. Teachers who 
had previously witnessed an epileptic fit had 
significantly higher levels of confidence than 
those who had not (y7=18-65, p<0-001). 
Similarly, confidence was higher in those who 
had a friend or relative who had epilepsy 
(y7=11:20, p<0-001). Five teachers (4%) 
felt that they knew enough about childhood 
epilepsy, 120 (87%) considered their knowledge 
madequate, and the remaining 12 (9%) were not 


Table 5 Teachers’ management of an epilepuc fit Figures are number (%) of teachers 


Ifa child suddenly had a fit in your classroom would you: Yes No Don’t know 
ae a a a a eee 
i. Immediately call for an peeh 12 (9) 106 (75) 24 (16) 
2 Place child in the recovery po 121 (85) 7 (5) 14 (10) 
3. Place a handkerchief in the ehild’s mouth ab 87 (62) 40 (27) 
4. Restrain jerking limb movements 7 (5) 107 (75) 28 (20) 
5. Send child home after he bad recovered 41 (29) 53 (47) 48 (34) 
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sure. Sixty six teachers (46%) state that thei 
confidence would be increased by further train- 
ing in childhood epilepsy and 63 (44%) required 
more information in the form of booklets and 
leaflets. The majority (n=129; 92%) felt thac 
further instruction in childhood epilepsy would 
be of benefit and also requested instruction im 
asthma, diabetes, haemophilia, cystic fibrosis, 
hearing impairment, and AIDS. 


(8) COMMUNICATION BETWEEN TEACHERS, 
PARENTS, AND THE SCHOOL MEDICAL SERVICE 
Of the 81 teachers who to their knowledge hac 
taught a child with epilepsy, 40 (49%) were firs: 
made aware of the child’s epilepsy by prior 
discussion with parents, 24 (30%) first learnec 
of the child’s epilepsy when the child had a fit ir 
school, and 11 (14%) teachers had discussior 
with either the school nurse or doctor. Ir 
general, teachers welcomed the notion of prio: 
discussion with an epileptic child’s parents anc 
they considered the following topics to be of use 
in this context: frequency of fits, medication- 
warning signs of imminent fits, and parent 
contact details. 


Discussion 

This survey has revealed many positive findings 
regarding teachers’ perceptions of childhood 
epilepsy. In particular, the teachers are to be 
commended on their depth of general knowledge 
of childhood epilepsy in spite of their lack of 
previous training on the subject. It would 
appear from this study that this knowledge was 
acquired as a result of personal experience over 
the years rather than from structured training. 
The teachers studied were relatively mature and 
experienced and this may have had a bearing on 
their responses to the general knowledge ques- 
tions. It is interesting that their level of know- 
ledge of childhood epilepsy was better than that 
of teachers in other studies when knowledge 
and attitudes to asthma! and diabetes’ were 
studied. 

The positive attitude demonstrated by the 
teachers regarding educational aspects of child- 
ren with epilepsy is very encouraging and is in 
contrast to attitudes found in earlier studies. 7 
Perhaps their views, if anything, are somewhat 
optimistic in some respects. The teachers in this 
study, in general, did not consider that epileptic 
children were more prone to learning difficul- 
ties. The subject of academic outcome in these 
children is controversial but many studies, 
including that by Stores and Hart,* have indicated 
that children with epilepsy, in general, are more 
likely to have learning difficulties. The reasons 
for this are unclear at present but teachers 
should at least be aware of the potential for 
academic failure in epileptic children so that 
their progress in school can be closely monitored. 
It is of interest that most teachers considered 
a career in teaching to be appropriate for a 
school leaver who had epilepsy. This again 
emphasises the positive attitude of the teachers. 
Current recommendations, however, require 
that teacher training applicants must be free 
from seizures for three years and that, while in 
post, they may be barred from teaching physical 
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education, craft, science, and home economics.’ 
The final encouraging outcome from this study 
is the request made by the teachers for further 
training or instruction in epilepsy and other 
common chilchood disorders. 

The main finding from this study was the 
overall lack cf confidence among the teachers 
despite possessing both reasonable knowledge 
and considerable awarenes of the difficulties 
faced by epileptic schoolchildren. A number of 
factors may Lave combined together to contri- 
bute to undermin:ng the confidence experienced 
by the teachers when they encounter children 
who have epilepsy. In the first instance, lack of 
structured training on epilepsy is likely to be 
relevant. A ar of the unknown, especially 
among younger teachers, and a lack of clarity of 
what is expec:ed Irom them as professionals can 
result in anxity based upon lack of experience 
and relevant knowledge. Secondly, lack of 
proper comm_inication between parents, medical 
staff, and teachers will also result in uncertainty. 
It is regrettable that our findings are similar to 
those of Holdsworth and Whitmore who, in 
1974, demonstrated similar lack of communica- 
tion.* While knowledge and attitudes of 
teachers in this study have certainly improved 
since then, it would appear that levels of 
communication petween all interested parties 
remain the seme. A supreme example of lack of 
communications would be those 24 instances 
where teach2rs were first made aware of a 
child’s epilensy by the child having a fit in 
school. 

The subject of administration of rectal 
diazepam by teachers in mainstream schools ts 
fraught with. difficulty. There is no doubt that 
in certain circumstances rectal diazepam can be 
an extremely effective method of treatment,” 
especially in status epilepticus. However, train- 
ing and support is needed if teachers are to use 
this drug effectively and it could be argued, 
quite reasonably, that its use might be better 
restricted to special schools where pupil super- 
vision is greater and help from a classroom 
assistant is available. There is a considerable 
body of teacher opinion opposing the adminis- 
tration of rectal diazepam by teachers in main- 
stream schools for this reason.?! 


THE WAY FORWARD 

(1) Tratwning 

Several writers nave called for the institution of 
instruction 3n common medical disorders while 
teachers are ın training.!* While this re- 
commendation is perhaps relevant in concept, 
following recent changes in the training of 
teachers, ! it is unlikely to be practical. Teachers 
will now spend less overall time in training and 
it seems urlikely that time will be set aside in 
order to increase their awareness of medically 
related issues. In this event, the onus for 
training of teachers in common childhood dis- 
orders musr now lie with local health authorities. 
This shoulc be undertaken by health authorites 
as a matter of some urgency especially for newly 
qualified teachers. An appropriate training 
package cculd be offered that would include 
aspects of medical illnesses in childhood which 
have particilar relevance for schools. 


Bannon, Wildig, Jones 


(2) Communication 

The importance of adequate communication 
between parents, teachers, and the schoal 
medical service cannot be overemphasised. It 
seems a pity that this aspect of the care of 
epileptic children has not greatly improved 
since the study by Holdsworth and Whitmore.* 
This lack of communication could be improved 
in several ways. Hospital paediatricians should 
have close liaison with colleagues in the school 
health service when treating schoolchildren 
with epilepsy. School nurses, in particular, are 
in a good position to ensure that adequate 
channels of communication exist between 
parents, school, and hospital services. The parent 
held child health record has already been shown 
to improve communication between parents and 
other parties and could be of great benefit 
here. Community paediatricians, as part of 
their advocacy role, have an important 
coordinating function with regard to the inte- 
gration of children with epilepsy into mainstream 
schools and could enlist the help of the voluntary 
sector, including the British Epilepsy Associa- 
tion, which has already produced helpful train- 
ing material for teachers. 


(3) Support 

Once an epileptic child is admitted into school, 
ongoing support and advice could reasonably be 
provided by the school health team of school 
doctor and nurse. Now that most authorities 
have at last abandoned routine medical exami- 
nations for all school entrants, there should be 
more time available for this valuable work. 


(4) Reduction of social stigma 

There is no doubt that some of the difficulties 
faced by epileptic schoolchildren result from the 
social stigma that the illness attracts. Epilepsy 
remains a poorly understood and sometimes 
feared illness by the general public. Colver 
advocated a community based cam campaign to 
increase public awareness of asthma. ! Perhaps 
the time has now come for a similar campaign to 
increase awareness of childhood epilepsy in 
order to reduce its ongoing stigma. Such a 
campaign would do much to facilitate the 
successful integration of children who have 
epilepsy into mainstream schools. 


The authors gratefully acknowledge the assistance provided by 
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Growth hormone deficiency during puberty reduces 


adult bone mineral density 


S L Hyer, D A Rodin, J H Tobias, A Leiper, S S Nussey 


Abstract 

Bone mineral density (BMD) was evaluated 
by dual energy x ray absorptiometry in 60 
adults (33 males, 27 females; aged 50, range 
23-76 yeers) who were growth hormone 
deficient f-om various causes for 10-4 (1-31) 
years. Adult patients who had acquired growth 
hormone deficiency before completion of 
puberty had significantly reduced mean (SEM) 
BMD compared with age matched healthy 
controls az the lumbar spine: 0-87 (0-09) v 
1-20 (0-03) g/cm’, femoral neck: 0-81 (0-06) v 
1-08 (0-04) g/cm’, and Ward’s triangle: 0-68 
(0-07) v 1-04 (8-05) g/cm’. These values were 
also reduced compared with those of patients 
who had received human growth hormone 
during putertr. Untreated growth hormone 
deficiency when present during puberty results 
in reduced adu_t bone density. 


(Arch Dis Child 1992367:1472-4) 


Little is kcown about the long term skeletal 
consequences of growth hormone deficiency 
other than reduced linear growth. Its importance 
for proper skeletal maturation has long been 
recognised es irdicated by delayed bone age in 
growth hormore deficient children. Lack of 
growth hormore during puberty when bone 
mineral demsity (BMD) is normally rapidly 
increasing” “ could result in severe osteopenia in 
adult life kut this has not been specifically 
addressed ir previous studies. We have investi- 
gated BMD in adults with growth hormone 
deficiency with special emphasis on those in 


Clinizal details cf petients mith growth hormone deficiency present during puberty 


Fatizt Sex Ižagrosi: Ape at Treatment hGH 
No Hagnosys trealment 
years) 

H F C-amopharsagoma 9 Surgery, Yes 
cranial (2 years} 
radiotherapy 

2 M C-aniopkaryngioma 2 Surgery, Yes 
cranial (6 years) 
radiotherapy 

3 M Canioprary ngioma 7 Surgery, Yes 
cranial (7 years) 
radiotherapy 

4 M Canoptaryngoma 5 Surgery, es 
cranial (Il years) 
radiotherapy 

5 M Canjopharyngioma 6 Surgery, Yes 
cranial (i year) 
radiotherapy 

6 F Azrocytema a Cranial No 
radiotherapy 4 

7 M C-aninpharyngioma Is Surgery, o 

j i cranial 
radiotherapy 
8 TA IO ventr.cular 5 Cramospinal No 
-umour radiotherapy 

9 A Storesellar perminoma 13 Surgery, No 

radiotherapy 
19 F Prutary adenoma 15 Surgery No 


whom pituitary deficiency was present before 
completion of puberty. 


Subjects and methods 

Sixty patients (33 males, 27 females; aged 50, 
range 23-76 years) were identified with severe 
growth hormone deficiency (peak growth 
hormone response below 5 mU/I after insulin 
induced hypoglycaemia) present for at least 12 


months and absence of other conditions known | 


to affect BMD. In 10 patients, growth hormone 
deficiency had been documented before com- 
pletion of puberty (Tanner stage V). Clinical 
details of these patients and their treatments are 
shown in the table. Five patients had received 
human growth hormone (hGH) 0°25 IU/kg 
intramuscularly three times per week for 6 
(2~11) years until fusion of the epiphyses. Mean 
duration of growth hormone deficiency in the 
10 patients was 13-8 years (2-26) and all were 
adequately replaced with thyroxine, adrenal and 
sex steroids with no evidence of excessive repla- 
cement. 

A control group of 17 healthy volunteers (12 
males, five females) was also studied so that 
bone density in the patients with growth 
hormone deficiency before completion of 
puberty could be compared with that of a 
younger population matched for age, sex, 
weight, and height. 

BMD expressed as g/cm?” was measured by 
dual energy x ray absorptiometry (Lunar DPX) 
at lumbar vertebrae L2-L4 (referred to as 
lumbar spine), the femoral neck and at Ward’s 
triangle, a region of the proximal femur consist- 
ing predominantly of trabecular bone. All scans 
were performed and analysed by the same 
operator. The coefficient of variation for BMD 
measurement at our institute is 1% ar the 
lumbar spine and 2% at the femoral neck. 

Comparisons of BMD between different 
groups of patients and controls were made by 
two tailed Student’s ¢ tests. Correlation coeffi- 
cients were calculated from regression analysis 
and used to compare BMD at each site with all 
other clinical variables. Results are expressed as 
mean (range) or mean (SEM); p<0-05 was 
considered significant. 


Results 

The 10 patients who had been growth hormone 
deficient during puberty were younger than the 
50 adult onset patients (30°4 (1°44) v 50-1 (1°95) 
years; p<0Q-001); they had been pituitary 
deficient for longer (14-9 (1°84) v 9-4 (1-01); p= 
0-04). 
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p = 0-0004 Growth hormone treated and growth hormone- 

2-0 SS oe untreated patients were similar with respect to 
p=NS the following variables: current age, sex, body 

S ' mass index, onset and duration of growth 
S p = 0-02 hormone deficiency, duration of sex hormone 
Z a5 ° deficiency and replacement, Patients who had 
= : i not received replacement with hGH during 
a puberty were shorter than those who had 
£ nog è received hGH (158-6 (3:57) v 170:2 (2°65) cm; 
a oie ag : p=0-03). Mean (SEM) BMD (g/cm?) in the five 
= 10 patients with pubertal deficiency not treated 
€ m with hGH was appreciably reduced compared 
3 , with normal controls at the lumbar spine: 0°87 
(0°09) v 1:20 (0°03), p=0-0004; femoral neck: 

05 0°81 (0:06) v 1:08 (0°04), p=0:004; and Ward’s 
Contos ‘Treated Untreated triangle: 0°68 (0°07) v 1-04 (0-05), p=0-002. 

Figure] Lumbar spine BMD (g/cm*) in adult patents Values were also reduced compared with those 
with documented growth hormone deficiency pene of growth hormone treated patients at the 
Nid enik hey Coit naked fee ieee; lumbar spine: 0°87 (009) v 1-23 (0-09), 
and height. je *  p=0-02; femoral neck: 0-81 (0-06) v 0-99 (0-05), 


p=0-05; and Ward’s triangle: 0°68 (0:07) v 0:96 
(0°08), p=0-03 (fig 1). 

In adult onset growth hormone deficient 
patients, mean (SEM) BMD (g/cm’) was: 
lumbar spine 1:08 (0°03), femoral neck 0°88 
(0°02), and Ward’s triangle 0-74 (0°02), which 
represented 89°9 (2°2)%, 96:1 (1:9)%, and 96-0 
(2°7)% respectively of a normal reference 
population studied with an identical scanner 
(Lunar DPX Reference Manual, 1990). Values 
were similar in males and females. 

A significant negative correlation was found 
between the duration of growth hormone 
deficiency and BMD measured at the lumbar 
spine (r=—0°31; p=0:02) or Ward’s triangle 
(r=—0°26; p=0-04) but not at the femoral neck 
(fig 2). 


Lumbar spine BMD (g/cm?) 


Discussion 

These results indicate that adult BMD is 
reduced in growth hormone deficient patients 
when present before completion of puberty and 
that, importantly, it can be normalised by hGH 
replacement during this period. This suggests 
that growth hormone has a pronounced effect 
on bone density during puberty at the time 
when peak bone mass is being attained.’ * This 
is consistent with previous reports of reduced 
radial and spinal bone mass in association with 
pubertal growth hormone deficiency.! ° 

Additionally, growth hormone may be 
required for maintenance of peak bone mass as 
we noted a significant negative correlation 
between BMD and duration of adult onset 
growth hormone deficiency which was indepen- 
dent of other variables. We do not know if 
longer follow up in those patients who received 
hGH during puberty will reveal reduced BMD 
later in life. 

Bone density measured by dual x ray absorp- 
tiometry as in this study may be influenced by 
the size of vertebral body.° It has been estimated 
that 50% of the pubertal increase in spine 

Duration of growth hormone mineral is attributable to bone expansion rather 
deficiency (years) than to an increase in BMD per unit volume.’ 
Pem? Rinom danin ad horned As patients who had not received hGH during 


iyears) and BMD at the lumbar spine, femoral neck, and puberty were shorter than growth hormone 
ard’s triangle tn 60 adults with growth hormone deficiency. treated patients, their lower BMD values could 


Femoral neck BMD (g/cm?) 


Ward's triangle BMD (g/cm?) 
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be, in part, related to their smaller vertebrae. 
However, this cannot be the whole explanation 
as BMD in these growth hormone untreated 
individuals was appreciably reduced compared 
with normal controls matched for height. 

Our pat.ents with pubertal pituitary deficiency 
had all been conventionally treated with gonadal 
steroids but some may have experienced a 
period of sex Lormone deficiency before starting 
treatment. Even a brief period of hypogonadism 
may be associated with osteopenia.” The action 
of sex steroids in promoting the acquisition of 
bone mineral during puberty could require the 
presence cf growth hormone to achieve their 
full effect.” 

One patent who did not receive hGH during 
puberty had been treated with craniospinal 
irradiation and this could have contributed to 
his low bone density. Spinal growth during 
puberty has been shown to be impaired by 
spinal irraciation.'° In such children, treatment 
with hGH nay limit further reduction in height 
SD scores. *! 

If growth hormone is required for achievement 
of peak bone mass as suggested by this study, an 
anabolic rather than antiresorptive action is 
likely o on the basis of in vitro? ? and in 
vivo! -5 studies of growth hormone and 
insulin-like growth factor-I on bone metabolism. 
Intereszing-y, zrabecular bone (lumbar spine, 
Ward’s triengle) appears more sensitive to the 
effects of growth hormone than cortical bone. 
Osteoporosis associated with hypercortisolism 
or oestrogen deficiency also preferentially affects 
trabecular bone.'® 1” 

Our results suggest that the long term can- 
sequences of growth hormone deficiency on 
BMD may be particularly serious in patients 
who develop pituitary deficiency before attaining 
peak bone mass. Growth hormone treatment 
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should be considered in all such children to 
reduce the risk of osteoporosis in adult life. 
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Hazards of parenteral treatment: do particles count? 


J W L Puntis, K M Wilkins, P A Ball, D I Rushton, I W Booth 


Abstract 

After prolonged parenteral nutrition a 12 
month old infant died with pulmonary hyper- 
tension and granulomatous pulmonary 
arteritis. A review of necropsy findings in 41 
infants who had been fed parenterally showed 
that two of these also had pulmonary artery 
granulomata, while none of 32 control patients 
who died from sudden infant death syndrome 
had similar findings. Particulate contaminants 
have been implicated in the pathogenesis of 
such lesions and these were quantified in 
amino acid/dextrose solutions and fat 
emulsions using automated particle counting 
and optical microscope counting respectively. 
Parenteral feed infusions compounded for a 
3000 g infant according to standard nutritional 
regimens were found to include approximately 
37 000 particles between 2 and 100 um in size 
in one day’s feed, of which 80% were derived 
from the fat emulsion. In-line end filtration of 
intravenous infusions may reduce the risk of 
particle associated complications. A suitable 
particle filter is required for use with lipid. 


(Arch Dis Child 1992;67:1475—7) 


A 1000 g female infant born at 27 weeks’ 
gestation developed necrotising enterocolitis 
after a period of respiratory distress and hypo- 
glycaemia. Perforation of the terminal ileum led 
to laparotomy and formation of an ileostomy, 
which was closed five months later. Subse- 
quently, an anastomotic stricture and adhesions 
caused small bowel obstruction requiring further 
surgery. Septicaemia, recurrent rotavirus infec- 
tion, and protracted diarrhoea precluded full 
enteral feeding. She died suddenly and un- 
expectedly at 12 months of age, having been 
parenterally fed for much of her life. Striking 
features at postmortem examination were a 
granulomatous pulmonary arteritis with some of 
the arteries being occluded by fibrin, together 
with dilatation and hypertrophy of the right 
ventricle secondary to pulmonary hypertension. 

Identical lesions in drug offenders are thought 
to be related to intravenous injection of 
magnesium trisilicate dust used as a lubricant ın 
drugs intended for oral administration.! ? 
Granulomata have also been described in patients 
who have received large volumes of intravenous 
fluids,? and they can be reproduced experi- 
mentally in rabbits by injection of saline 
containing particulate matter.* The aims of this 
study were, therefore, to establish how often 
pulmonary granulomata could be found at 
postmortem examination in both patients who 
had and those who had not received parenteral 


nutrition, and to determine the number and size 
of particles in parenteral feeding solutions. 


Subjects and methods 

NECROPSY STUDY 

Subjects 

Postmortem material from all parenterally fed 
infants from a regional neonatal intensive care 
unit who had died between 1980 and 1989 were 
reviewed. Forty one such patients were identi- 
fied, with a median (range) gestational age of 28 
weeks (25-40) and weight 880 g (450-2820). 
The most common indication for parenteral 
nutrition was prematurity and failure to tolerate 
enteral feeding in association with respiratory 
distress requiring ventilatory support (n=38); 
indications in the three remaining patients were 
necrotising enterocolitis, ischaemic colitis, and 
ileal atresia. Parenteral nutrition was prescribed 
according to a standard protocol? with a fluid 
intake of 150 ml/kg. The median (range) duration 
of parenteral feeding was 14 days (146). 


Controls 
Necropsy findings in 32 infants who had died 
over the same period from sudden infant death. 
syndrome (SIDS) were reviewed. None had. 
received intravenous treatment of any sort. 
Although not a double blind study, all 
postmortem examinations were performed by 
the same person (DIR). Tissue sections from 
each lobe of each lung were routinely examined 
for particulate matter, such as glass or cotton 
fibres, and for pulmonary vascular granulomata. 


PARTICLE STUDY 

Six amino acid/dextrose feeds (Vamin 9 glucose. 
Kabi Pharmacia; 250 ml in plastic bags) anc 
eight 35 ml aliquots of lipid emulsion (Intralipic 
10%, Kabi Pharmacia; in plastic syringes) were 
constituted according to a standard prescriptior 
for neonatal parenteral nutrition,’ including 
addition of trace elements, micronutrients, anc 
vitamins. Particles in the feeds were counted ir 
glassware precleaned by washing in laboratory 
detergent (Decon 90), water, propan-2-ol 

trichlorotrifluoroethane, propan-2-ol, and finally 
water. All washing solutions (except the deter- 
gent) were terminally filtered through 0'2 yur 
rated filters fitted to pressurised dispensers. 


AUTOMATED PARTICLE COUNTING 
Approximately 100 ml samples of Vamin dextros« 
solution were run into precleaned bottles (which 
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registered <20 particles >2 um in size per 10 ml 
sample volume when filled with filtered water). 
Numbers o7 particles in the ranges 2-5 um, 
5—10 um, 10-25 um, 25—40 um, and 40-100 um 
were determined in 10 ml aliquots of these 
samples usirg a-Hiac PC-320 automated particle 
counter with attached D2-60 automatic bottle 
sampler. 


OPTICAL MICROSCOPE COUNTING 

Samples of Intralipid 10% (35 ml) were filtered 
through precleaned 0-8 um membranes con- 
tained in precleaned filter funnels. The mem- 
branes were dzied, made transparent, and 
particles in the range 2-5 um, 5-10 um, 
10-25 um, 25-40 pm, and 40-100 pm were 
counted usinz a Vickers M17 optical microscope 
(so that lipid droplets were not counted). 


Results 

NECROPSY STUDY 

Postmortem 2xamunation of the 4] parenterally 
fed infants showed two cases of widespread 
pulmonary granulomata (figure), which had 
also been id2ntried at the original necropsy. 
These were located throughout the pulmonary 
arterial system and showed characteristic 
features of intrmal fibrosis associated with 
foreign body giant cells with or without asso- 
ciated thrombus formation. In most granulomata 
it was not possible to identify specific foreign 
material within the giant cells, but occasionally 
glass fragmemts and cotton fibres were easily 
visible under polerised light. No granulomata or 
foreign bodies could be found in those patients 
who died from SIDS. 


PARTICLE STUDY 
Particle counts recorded are shown in the table. 
In one day’s parenteral feeding for a 3000 ¢ 









‘ = = 1 
“ - 
t ae D a 
a "a $ e eh p 
Eo Hig Ree 2 
Jri Tis tore A LI ai 
: gia pt 4g: tne 
`~ aTe E oe 
Re > Sw 2a t ‘ v 
Rd: pny Se ae a 
7 tes (HS af ie E? 
li- .f Ah rm, Uk. y ay yee rD 
AR 4 SNR LoT S“ w TAN vn 
s y ati ata TA st Q: Pale sp 
ae “pe? ‘ Ler eg he ote 
ER REGEN ir 
> AS a Sati MS 
Pes dk wee Se ae Ces Ca E 


Section of neonatal lurg showing granuloma wuh giant cells 
1 the wall of a pelmcaary artery. (Haematoxylin and 
eosin X 300 ) 


Punts, Wilkens, Ball, Rushton, Booth 


infant, there were approximately 37 000 parti- 
cles between 2 and 100 um, with the majority 
(70%) being less than 5 um size and only 4% 
being above 25 um. 


Discussion 
Our findings confirm that pulmonary granulo- 
mata can be found in a small proportion of 
patients who have received parenteral fluids. 
Such granulomata formation has been convinc- 
ingly related to both particulate contamination 
of intravenous solutions’ f © and the develop- 
ment of severe cardiovascular disease, 7 and 
has been described in infants’ as well as adults. 
We estimate that our index patient with 
pulmonary hypertension and right heart failure 
would have received approximately 5 million 
particles between 2 and 100 um in size from 
parenteral feed solutions alone. 

Early studies of intravenous fluids showed 
that components of rubber bungs, glass from 


‘bottles, and fungal spores were common parti- 


culate contaminants together with more exotic 
finds such as fragments of crustacean.* More 
recently the hazards of glass fragments® and 
cotton fibres from alcohol impregnated swabs 
have been highlighted.” Many particles appear 
to be organic in nature! and generated by 
chemical interactions when mixing solutions. 
Some undoubtedly come from within plastic 
infusion systems, arising during the process of 
manufacture. Although there are accepted 
standards for particle counts in large and small 
volume parenterals, no such standards exist for 
infusion systems. 

As pulmonary capillaries vary between 8 and 
{2 um in size, any particle larger than this is 
likely to be filtered out and retained in the 
pulmonary vascular bed. Animal experiments 
with intravenous injection of microspheres 
indicate that small particles enter the systemic 
circulation and end up in organs including liver 
and spleen.'' The clinical significance of 
particles too small to be retained in the lungs is 
uncertain, although some haemodialysis patients 
have developed abnormal liver function thought 
to be a result of silicone particles in the liver 
derived from siliconised peristaltic blood 
pumps. !2 

Particulate contamination is known to cause 
phlebitis in peripheral vessels, a complication 
significantly reduced by filtration. Perhaps 
such physicochemical interaction between 
particles and vessel walls involves very small as 
well as large particles. Certainly it is not simply 
particles large enough to get trapped in vessel 
lumens that trigger granulomata formulation, as 
often it is impossible to see any foreign body 
within the granulomata, while when glass 


Mean (SD) partuwle count (by size) per 10 ml of ammo actd/dextrose solution and per 35 ml of Intralipid 10%, unth additrves 
compounded accozdmg to standard regimen for infant <10 kg. and dispensed from plastic bags and plastic syringes respectively 


Feed He Partial suse (pm) 
o 
samples 2-5 

Amuno acid/dextro:¢ 6 151 (24) 


Lipid emulsion 8 5881 (1538) 


5-10 10-25 25-40 40-100 
44 (13) 13 (5) 4 (3) 2 (2) 
766 (317) 729 (406) 418 (193) 28 (10) 
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particles can be identified they may be smaller 
than the vessel lumen itself. There is increasing 
evidence that interaction between particles and 
damaged endothelium may be tmplicated in 
microcirculatory disturbance which appears to 
be a key feature of adult respiratory distress 
syndrome and multiple organ failure in adult 
intensive care patients. '* 

In-line filtration of amino acid/dextrose mix- 
tures is commonly performed using a 0'2 um 
rated filter. This type of filter has been developed 
to retain any microbiological organisms con- 
taminating feeds,!° but its usefulness has been 
questioned!® perhaps without consideration of 
its additional role as particle filter. Any hazards 
of particulate matter are more likely to occur in 
patients on long term intravenous treatment. 
Small infants who have a high fluid intake 
relative to their weight might be at particular 
risk. Since Intralipid droplets are similar in size 
to natural chylomicrons (0-6—1°6 um) and also 
highly charged they cannot be filtered through a 
0-2 um membrane. This means that in our 
patients, even when the amino acid/dextrose 
mixture is filtered, four fifths of the particle 
load within the day’s parenteral nutrition fluids 
1s not retained. 

Although we have focused attention on 
parenteral nutrition fluids, it has been estimated 
that the majority of particles delivered to a 
patient come from medications together with 
infusion solutions, ampoules, injection sites, 
and syringes.” Whereas in-line filtration of 
parenteral nutrition fluids seems desirable in 
patients on long term parenteral nutrition, any 
attempt to reduce the particle load delivered 
must take account of these other sources. 

Increasing recognition that particulate con- 
taminants may cause serious disease provides a 
persuasive argument for in-line end filtration of 
all intravenous fluids and injections given to 
patients needing intensive care. Such a policy 
could be cost effective through reducing phlebitis 
associated with peripheral infusions'? or in 
prolongi intravenous administration set 
life.'® '? Alternatives to glass ampoules’? have 
already been developed and are associated with 
fewer particles than glass ampoules. The use of 
hypodermic needles with in-built 5 pm filters 
for drawing up solutions effectively removes 
many of the glass fragments seen with glass 
ampoules. 

While the precise risks associated with parti- 
culate contaminants of intravenous treatment 
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remain uncertain, it is clear that particles 
themselves are unwanted and unnecessary. 
There is mounting evidence that they may cause 
serious disease, particularly in sick patients. 
Standards for manufacture of administration 
systems are urgently required. As the manufact- 
uring of small and large volume parenteral. 
nutrition solutions is likely to remain associated 
with at least some level of particulate con- 
tamination, effective filtration will be the only 
way of preventing adverse clinical consequences. 
Future developments should include filters 
suitable for use with lipid emulsions. 


We would like to thank Miss J Patterson for invaluable secretarial 
assistance 
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Sinusitis-induced subdural empyema 


Ruth Skelton, Wirginia Maixner, David Isaacs 


Abstract 

Over a 17 year period, 1975—91, 10 children 
were managed who had sinusitis-induced 
subdural or extradural empyema. Their ages 
ranged from 6 t> 14 years, with a mean of 11 
years. All presented with worsening head- 
aches, fever, vomiting, all had neurological 
abnormalities, znd all had symptoms or signs 
suggestive of sinusitis. Initial computed tomo- 
graphy gave normal results in five cases and 
the empyema was diagnosed on the second or 
third scan. All patients had symptoms for at 
least one to two weeks before the diagnosis 
was made. Streptococcus milleri was the 
organism most frequently implicated. Medical 
treatment was started in all cases on admis- 
sion, but all required surgical intervention 
before resolution. 


(Arch Dis Child 19£2,67:1478~80) 


Subdural or extradural pyogenic collections 
most commonly arise by direct extension of 
infection from meningitis or the sinuses. Sub- 
dural empyemasecondary to bacterial meningitis 
tends to occur in small infants,’ and is usually 
recognised clinically, readily diagnosed by 
computed tomography, and managed relatively 
early. Subdural or extradural empyema secon- 
dary to sinusitis, so called ‘sinusitis-induced’ 
empyema,” occurs in older children and is 
responsible for 50-70% of all subdural 
empyemas.'? The clinical presentation of 
sinusitis-induced empyema is less well recognised 
and the diagnosis often delayed. Recent series of 
subdural empyema associated with sinusitis 
describe it as an illness predominantly of 
adolescent and young men, characterised by 
the rapid development of stupor, nuchal rigidity, 
seizures, and hemiparesis.” * However the onset 


Tabe 1 Presentir.: charecteristcs of children wua sinusitis induced subdural and extradural 


CRI oyema 

Paint Age CX 

No (wars) 
l 18 VM 
2 12 M 
3 9 M 
4 13 M 
5 7 M 
6 lz F 
7 le F 
8 f F 
9 lz M 

HH l4 M 


Duration of Total No of Nao} 
Symptoms to duration to scant to days rom 
presentation diagnosis diagnosis Ist to 
(days)' (days}} final scan 
10 17 3 3 

5 8 l 

l 17 2 10 

7 9 If 

6 25 2 21 
14 14 1 

5 9 2 3 
12 12 lt 

l 12 1 
14 18 2 4 


*Duranan of symp oms ep to presenatation a! first hospital (local or teaching) 
1 auga of ssmpoms from onset to diagnosis, that 1s "plus ume in hospital before dragnosis 


ma 
=Breun scan (befort the evalability of computed tomography). 


may be much more variable and often masked 
by prior antibiotic treatment.’ 

We report a review of cases of subdural and 
extradural empyema associated with sinusitis 
seen at our hospital over a 17 year period 
1975-91. 


Methods 

A search was made of the medical records of all 
children admitted to this hospital in the years 
1975-91 inclusive, with a discharge diagnosis of 
subdural, extradural, or cranial empyema or 
abscess, sinusitis, or frontal osteomyelitis. A 
case was defined as having sinusitis-induced 
subdural or extradural empyema if there was 
radiological and/or operative evidence of a 
subdural or extradural purulent collection, and 
of sinusitis. 


Results 

Over the period 1975-91 a total of 10 children 
were found to have had sinusitis-induced sub- 
dural or extradural empyemas. Seven children 
had a subdural empyema, two had a extradural 
empyema, and one child had both. 


PRESENTATION 

The age range of the children with sinusitis- 
induced empyemas was 6 to 14 years (mean 11 
years). Seven were over 9 years and seven were 
boys. Their symptoms, presentation, and find- 
ings are shown in tables 1 and 2. At admission, 
all 10 children complained of headache, nine 
had fever, eight had some neurological signs 
and the remaining two were lethargic. Two 
children were admitted 24 hours after sudden 
onset of fever, headache, seizures, and abnormal 
behaviour. Both also had periorbital swelling. 
They remained at a local hospital for a week, 
with an uncertain diagnosis. In both cases two 
weeks elapsed before the subdural empyema 
was diagnosed. Despite the initial speed of onset 
of symptoms, they did not progress over this 
time. One child had pustules that appeared over 
the forehead and another, with a bulging 
swelling of his forehead, had a true Pott’s puffy 
tumour. 

All 10 children had some symptoms or signs 
by admission, which could be attributed to 
acute bacterial sinusitis, but rarely recognised as 
such, that is tenderness or pain over the sinuses, 
purulent nasal discharge, or periorbital swelling. 
Only one child was diagnosed clinically as 
having sinusitis. She was admitted for treatment 
of this. In four children no mention of the 
sinuses was made on admission. 


Sunsts-induced subdural empyema 


Table2 Presenting clinical 
features of 10 children with 
sinusitis induced subdural or 


extradural empyema 


Symptoms 


Neck sufiness 
Tenderness over sinus 
tis 


VI nerve palsy 


No 


— 
mt BO NN Ue a as a em a OS NO GS 


DLAGNOSIS 
Plain radiographs or computed tomograms 
showed frontal, maxillary and/or ethmoid 
sinusitis in nine patients. In the last patient no 
radiography was performed but sinus infection 
was found at surgery. Three children had 
osteomyelitis, two of the frontal bones and one 
of the ethmoid. Seven of our 10 children had a 
lumbar puncture, including two with 
papilloedema. All had the typical picture as- 
sociated with a subdural empyema,” of a mild 
pleocytosis, usually with 10-100x10°/ white 
cells and sterile culture (see table 3). No patient 
had any side effects from the lumbar puncture. 
There was always some delay in the diagnosis 
of empyema, which was made from eight to 25 
days after the onset of symptoms. Patients 
experienced symptoms for up to 14 days before 
admission, and a further one to 19 days after 





Computed tomogram of bram with sinusuts-induced subdural 


1479 


admission, before the empyema was diagnosed. 
This delay occurred whether or not antibiotics 
were given. Five of the children had computed 
tomograms which did not show the empyema, 
before a definitive abnormal scan was obtained 
between three to 21 days later (see Figure). A 
minimum of eight days of symptoms occurred 
before the collection was picked up radiologi- 
cally. After diagnosis surgery was usually 
carned out within a few days, although one 
child was medically treated for two weeks 
before surgery. 


ORGANISMS 

In eight of our 10 patients, an organism was 
grown from the blood and/or the abscess, 
although all but one of the children had been 
receiving antibiotics before culture. Streptococcus 
millen was the most common causative 
organism, being the sole organism grown in 
four of our patients. Streptococcus mtis, a group 
C streptococcus, bacteroides, and Staphylococcus 
aureus were each grown from blood or abscess 
in one patient. These organisms are similar to 
other studies! ° * with streptococci being the 
most common organism present. Blood cultures 
were positive in four patients. 


TREATMENT 

All children were started on intravenous ant- 
biotics on admission, often continuing for periods 
of one to two weeks before the empyema was 
diagnosed, usually a combination of penicillin, 
chloramphenicol, or a cephalosporin. All 
children had some form of surgery (table 3), and 
three required repeated procedures. Four 
children received two to three weeks of antibiotics 
before surgery. However none of the children 
improved before surgical drainage. Only two of 
the four children who had burr holes recovered 
with one operation. Of the six with craniotomy, 
only one required further intervention. Those 


empyema. This shows an extenstve collection of pus in the who required multiple procedures were the 
frental subdural space, extending posteriorly the flax. patients who grew bacteroides and S aureus. 
Teble3 Infectous charactertstics of children with sinusitis induced subdural and extradural empyema 
Patent Organism Sue of Intal Treatment Osteomyelitis Follow up 
Ne empyema ste 

puncture 

(WCCX 107il') 

I Streptococcus C Right subdural 0 Burr holes — Normal 
(blood culture) 

2 No growth Left frontal, 25 Cramiotomy — Normal 

subdural 

3 No growth Left subdural 7 Craniotomy — Hemiplegia, 

(muluple) resolved three 
months, epilepsy, 
hydrocephalus 

4 S aureus Left subdural/ 9 Burr holes+ — Normal 
(abscess) extradural cramotomy 

5 S millen Left extradural 63 Cramotomy Ethmoid Normal 
(sinus) 

S mins 
(abscess) 

6 S milleri Left subdural -— Burr holes — Epilepsy 
(abscess) 

7 S milleri Left extradural — Cramotomy — Hemuplegia and 
(blood culture, dysphasia, resolved 
abscess) siy weeks 

8 Bacteroides Left subdural 28 Burr holes — Normal 
(abscess, x3 
blood culture) 

9 S mulleri Right subdural 9 Craniotomy Frontal Normal 
(abscess, 
bicod culture) 

10 ym Right subdural — Craniotomy Frontal Normal 
(abscess) 





*WCC=white cell count 


1480 


OUTCOME 

There were ro deaths. Seven children had no 
residual n2urological sequelae on discharge from 
hospital. Two children had persistent epilepsy, 
one of whom had hydrocephalus. Two children 
had hemiparesis, which resolved in six to 12 
weeks (table 3). 


Discussicn 

The aze and sex distribution of our patients was 
similar to previous studies, confirming sinusitis- 
induced subcural empyema to be a condition 
mainly of adolescent children, with boys pre- 
dominatirg over girls by about 3:1. 

The severity of the presenting symptoms in 
our children varied, but they were quite consis- 
tent in their nature. Wald et al described the 
characteristic signs and symptoms of sinusitis- 
induc2d empyema by dividing them into four 
groups: tFose due to pansinusitis (mild headache, 
pyrexia), -aised intracranial pressure (worsening 
headache intractable vomiting, deteriorating 
consc_ousness), meningeal irritation (neck stiff- 
ness), and focal neurological deficits. She also 
suggested that extradural empyemas cause less 
cortical involvement and less impairment of 
consc.ousaess than subdural empyemas. 

The majority of our children had had symp- 
toms for one to two weeks before presentation, 
initially those of simple sinusitis, that is fever, 
mild heacach2 and malaise, although they were 
often noz recognised as such, and usually 
treated non-specifically with oral antibiotics by 
the family doctor. 

Syoptoms usually progressed over the second 
week as sigrs of raised intracranial pressure 
developec, that is worsening headache, vomiting, 
seizures, and lethargy. Seizures, behavioural 
changes, and periorbital swelling usually preci- 
pitated hospital admission. Only two of our 
patiects showed signs of meningeal irritation. 
Neurolog-cal signs were present in seven 
children. If lethargy and abnormal behaviour 
are also ircluded, then all our patients had some 
clear neurolcgical abnormality on admission. 
Indications of a more terminal illness, such as 
coma and cerebral herniation, were not seen in 
any of cur children, although three had a 
hemiparesis, which Wald et al describe as a late 
sign. 

Diagncsis zook between one and three weeks 
from the >nset of symptoms in all children, due 
to a com>ination of a delay in presentation to 
hospital, and delay in recognition at this hospital 
or the referr_ng one. Sinusitis was evident on 
initial scan or radiograph in all cases, but in five 
cases the: initial computed tomogram did not 
show em>yema. A collection took one to two 
weeks to show with repeated scanning. It is 
uncertain whether the empyema developed later 
or whether a small early collection was missed 
on the iritia. scan. Early or small collections 
may be missed for a variety of reasons. In 
previous years early abscesses were less cften 
established with the poor scanning quality and 
slow scam times of the first computed tomo- 
graphy machines, without high quality resolu- 
tion capabilsties. Interpreter errors of more 
subtle findings may occur, Early suppuration is 


Skelton, Matxner, Isaacs 


isodense, but other changes may help such as 
‘mass effect’ from associated cerebral oedema.” 

Finer 3-5 mm slices may be necessary rather 
than the more routine 10 mm ones. It is, 
however, still well recognised that abnormal 
findings on computed tomography may develop 
within one to seven days of a normal scan, and 
repeated scans are necessary if the diagnosis is 
still suspected.? Luken and Whelan describe 
four cases who had a subdural empyema 
demonstrated by angiography or operatively, 
within 24 hours of a normal computed tomo- 
gram. It is not known whether magnetic 
resonance imaging would be more sensitive than 
computed tomography in diagnosing subdural 
empyema in these cases. Resolution has been 
reported to follow medical treatment alone,’ but 
this is rare and has also been linked to increased 
mortality.’ Some form of surgical drainage is 
usually required. Burr holes and irrigation may 
be sufficient in some cases, but craniotomy will 
frequently be required to give the best chance of 
resolution with least chance of further interven- 
tion being necessary. For example, Johnson 
et al reported 13 children with sinusitis induced 
subdural empyema.” All of the 10 who were 
initially medically treated developed radiological 
evidence of disease progression and seven had 
persisting signs. All improved after surgical 
drainage. Our series supports these observations. 

The outlook in our small series was good. 
There were no deaths compared with a reported 
mortality of 18-40%.! 3 ® Residual neurological 
sequelae were uncommon, occurring in only 
three of our children, and resolving with time in 
two. 

Subdural empyemas will usually present to 
general paediatricians. Because the initial symp- 
toms can be non-specific, the diagnosis can 
easily be overlooked and correct treatment 
delayed. Clinical suspicion of subdural 
empyemas should be highest in young adolescent 
children with a pyrexia of unknown origin that 
is associated with any neurological abnormality 
and symptoms or signs suggestive of sinusitis. 
Evidence from radiography or computed tomo- 
graphy of sinusitis should prompt repeated 
scanning of the head over the next few weeks 
until symptoms resolve or a diagnosis is made. 
Early diagnosis, treatment, and awareness of 
this rare but important condition are the main- 
stay of successful outcome. 


We thank Drs Besser and Johnston for allowing us to report their 
pabents. 


1 Greenlee JE. eeu ee In: Mandell GL, Douglas 
RG, Bennett JE, ed ples and practice of infectious 
diseases 2nd Ed. Now York: John Wiley, 1985:788- 

2 Kaufmann DM, Litman N, Miller ” Sinusits induced 
subdural empyema Neurology 1983,33:123-30 

3 bar w L. Subdural empyema. Arch Neurol 1986;43: 

i af mg DM, Miller MH, Steigbigel NH Subdural 
empyema: analysis of 17 recent cases and review of the 
literature. Medienu (Baltimore) 1975;54:485-98. 

5 Wald ER, Pang D, Milmoe GJ, Schramm VL. Sinusitis and 
its complications. Pediair Clin North Am 1981528:777-96. 

6 Luken MG, Whelan MA, Recent diagnosuc ex with 
subdural empyema. 7 Neurosurg 1980;52:764—71 

7 Brook I, Fnedman EM, Rodriquez WJ Contron: G. Compli- 
cations of sinusitis in children. Pediatrics 1980;66:568-72. 

8 Johnson DL, Markle BM, Wiedermann BL, "Hanahan L. 
Treatment of intracranial ‘abscesses associated with sinusits 
in children and adolescents. 7 Pediatr 1988,113:15-23. 


Essential reading from Wiley... 





Child Abuse Review 


Edited by KEVIN D. BROWNE, University of Birmingham, 
UK and Glenthorne Youth Treatment Centre, UK, and 
MARGARET A. LYNCH, Newcomen Centre, Guys Hospital, 
London, UK 


Child Abuse Review provides a forum for all professionals 
working in the field of child protection, giving them access to 
the latest: 

> research findings and reviews 

> practice and development 

> training initiatives 

> policy issues 

The objective is to provide a better understanding of the 
needs of abused and neglected children and their families, 
thus the aim of the journal is to emphasize research-practice 
links and to enhance good management and professional 
practice by efficient and effective dissemination of research 
and evaluation findings. 


Volume 2 4 issues 1993 US$100.00 


Early Development & Parenting 
An International Journal of Research and Practice 


Edited by BRIAN HOPKINS and WILLEM KOOPS, both of the 

Vrije Universiteit, Amsterdam, The Netherlands, GAVIN 

BREMNER, University of Lancaster, UK, and HANUS 

PAPOUSEK, Institute for Social Pediatrics, Munich, Germany 

A new international journal integrating research and practice 

for all professionals in the field of infant and child 

development. 

>k you up-to-date with theoretical, empirical and 
methodological papers 

> covers all aspects related to psychological development 
during infancy and early childhood 

> integrates all branches of professional child care, 
encompasing psychology, child psychiatry, behavioural 
and social paediatrics and caring professions 

>» the only journal to provide research on parenting; one of 
the major growth areas on carly development. 

Volume 2 4 issues 1993 US$120.00 


To subscribe to Wiley journals: 

= write to Helen Woodford, enclosing your cheque payable 
to John Wiley & Sons Lid, Baffins Lane, ester, 
West Sussex POLS IUD, UK 

= by credit card, telephone our journals department 
(0243) 770400 





Children Who Soil 
Assessment and Treatment 


ANN BUCHANAN, in collaboration with GRAHAM CLAYDEN 
Written by an experienced child psychiatric social worker in 
collaboration with one of the foremost paediatric authorities 
on the subject in the UK, this is the first book devoted 
comprehensively to children who soil. It focuses on the 
“whole child"; an approach which incorporates the physical, 
psychological and social aspects of the problem for the child 
and his family. 

0471 934798 October 1992 264 pages £14.95 paperback 


Life Experiences, Development and 
Childhood Psychopathology 


IAN M. GOODYER, University of Cambridge and 
Addenbrookes Hospital, Cambridge, UK 

"This is another outstanding volume in the Wiley series of 
studies in child psychiatry. This book and the series as a 
whole is unique in that it makes available to the practising 
clinician, in a condensed and palatable form, research 
findings from pure and applied sciences relevant to the 
practice of child psychology, psychiatry and related 
disciplines." 

CLINICAL PSYCHOLOGY FORUM 


Wiley Series on Studies in Child Psychiatry 
Series Editor: M. Rutter 


0471 931322 304 pages Aug I991 £15.95 paperback 


Childhood Epilepsies 

Psychological Aspects and Intervention Strategies 
Edited by BRUCE P. HERMANN, University of Tennessee, 
Memphis, USA, and MICHAEL SEIDENBERG, Chicago 
Medical School, USA 

"It is a valuable addition to the many recent publications 
on epilepsy and concentrates on areas in which others 
have been limited, namely the neuropsychological and 
psychosocial aspects". 

THE BRITISH JOURNAL OF PSYCHIATRY 

0471 93562 X Apni 1992 276 pages £18.95 paperback 


Childhood Illness: The 
Psychosomatic Approach 

Children Talking with their Bodies 

BRIAN LASK, Hospital for Sick Children, Great Ormond 


Street, London, UK, and ABE FOSSON, University of 
Kentucky, USA 

"aa E be book...a very skillful introduction to 
emotional childhood illness...a real breakthrough" 
JOURNAL OF FAMILY THERAPY 

0471 918229 August 1989 174 pages £12.95 paperback 


To order your copies: 
« write to Helen rd, enclosing a cheque 
payable to John & Sons Ltd, at Baffins Lane, 


Chichester, West Sussex POI9 1UD 


« by credit card, telephone (0243) 829121, or 
LINKLINE (0800) 243407 

a Wiley books are available through all major 
booksellers 

(Please add £1.95 p+p for single orders). 





SUDDEN INFANT 
DEATH SYNDROME 





Published as a Supplement to Journal of Clinical Pathology 


This supplement brings togezher a collection of papers on SIDS arising from the symposium 
organised by the Royal College of Pathologists in January 1992. The symposium was opened 
by Virziria Bottomley, MP, Secretary of State for Health, and involved speakers in the fields 
of paediz:rics, epidemiolcgy, chemical pathology, microbiology, and forensic medicine. It will 
be of inte: est to paediatricians, child health workers, community medicine specialists, and other 
clinicians as well as to workers in sub-specialties of pathology. 


The supp ement editors ar2 Professor Anthony Bussutil, Regius Professor of Forensic Pathology 
at the University of Edinburgh, and Dr Ann Burchall, reader at the University of Dundee, and 
Lister Ins-itute research fellow. 


Contents Include: 
Sudden infant death in historical perspective 
Current epidemiology of SIDS 
Pathological findings in SIDS 
[evelopment of Thermoregulation in infancy: possible implications for SIDS 
Susceptibility to infection in relation to SIDS 
Viral respiratory infection and SIDS 


Order Form 


Sudden Infant Death Syndrome Card No 
apes PLETE LE 
Please Tick: Your signature is essential when you are paying by credit card 
| | Į enclose a Cheque for o — -n —— — Expiry Date 
‘Payable to Brizsh Medical Joumal) Signature 
|_| = wish to pax by credit card Name 
American Express/Visa/Access Address 
Send orders so: 
BMJ Publishing Group, 


Journals M=rketing Department, PO Box 299, 
London, WZ1H 9JP UK 


Archives of Disease m Childhood; short reports 


Department of 
Child Health 
University of Wales 


Accepted 2 September 1992 


1481 


Familial pancreatic enzyme insufficiency 


G Owen, P W Buss, H R Jenkins, A H Goodwin, M C Goodchild 


Abstract 

A father and son with profound reduction of 
exocrine pancreatic activity and little visible 
pancreatic tissue on ultrasound or computed 
tomography are described. Both have some 
degree of liver disease, which is more marked 
in the son. The disorder, apparently familial, 
does not correspond to any reported pre- 


viously. 


(Arch Dis Child 1992;67:1481-2) 


Although there are numerous causes of pan- 
creatic exocrine insufficiency in childhood, cystic 
fibrosis ts responsible for the vast majority, 
followed by Shwachman’s syndrome.' ? Other 
causes, including those with a familial incidence, 
are rare. We describe a father and son who have 
pancreatic enzyme insufficiency and abnormal 
liver function. We believe this may represent a 
new disorder. 


Case reports 

CASE 1 

A 3 year old boy presented with a history of 
steatorrhoea since birth, frequent episodes of 
rectal prolapse, and generalised pruritis. There 
were no dysmorphic features. Height and weight 
were just below the 97th and on the 75th centile 
respectively. Positive findings were excoriation 
marks, slight abdominal distension, and a 
reducible rectal prolapse. Stools were cream 
coloured and loose. Faecal fat was raised at 
12:3 g/day. Sweat electrolytes were normal, as 
were repeated full blood counts, including 
differential white cells counts. Neurophil func- 
tion tests and a comprehensive immunological 
screen were normal. Serum amylase and 
immunoreactive trypsin were low. The toco- 
pherol:cholesterol ratio was low, while fasting 
liver enzymes and total serum bile acid concen- 
trations (ITSBA) were high (table 1). The 


bilirubin concentration was normal. Pancreatic 
function testing revealed very low or absent 
values for lipase, trypsin, and amylase, both 
fasting and after intravenous pancreozymin and 
secretin (2U/kg each). 

A jejunal biopsy specimen and skeletal survey 
were normal. Ultrasound scan and computed 
tomography of the pancreas revealed only a 
small amount of normal tissue located in the 
head and tail. 

He was given daily vitamin supplements and 
pancreatic replacement treatment that produced 
a decrease in faecal fat excretion to 5-7 g/day 
and gradual disappearance of the rectal prolapse. 
However results of liver function tests remained 
abnormal (table 1). Further investigations for 
possible causes of liver disease, both infective 
and metabolic, including a liver biopsy with 
examination by light and electron microscopy, 
were all normal. An endoscopic retrograde 
cholecystopancreatogram (ERCP) showed nor- 
mal pancreatic and common bile ducts but little 
contrast medium passed into the common 
hepatic and intrahepatic ducts—possibly due to 
a stricture of the common hepatic duct, but it 
was impossible to exclude compression by the 
endoscope. The small amount of contrast within 
the intrahepatic ducts showed normal ducts. 

The boy has been followed up to age 8 and 
has remained clinically well and the pruritis and 
scratching have ceased. Results of liver function 
tests continue to show an improvement but 
remain abnormal (table 1). 


CASE 2 

The father of case 1, born in 1955, also gave a 
lifelong history of loose fatty stools and pruritis. 
He had been investigated at ages 5 and 18 years 
and found to have a raised faecal fat excretion, a 
low serum calcium and normal full blood count, 
sweat electrolytes and liver function tests, 
though y-glutamyltransferase was not mea- 
sured. A Lundh test meal had shown a marked 


Table 1 Results of blood tests in case 1. Normal values are given tm square brackets 


Date Aspartate y-Glutamyl- Alkalme 
transaminase transferase phosphatase 
[45] [0-45] [30-350] 
UN) (TUIL) (UN) 

48/87 225 656 

Started pancreann” 

28/9/87 406 302 787 

Started vitamins A, B, C, and Ef 

9) 12/87 374 260 774 

26/89 140 153 534 

Started alfacalcidol 

12/6/90 145 137 445 

12/5/92 109 89 354 


Calcium Vuamin A it-Tocopherol TSBA 

[2 26-2°6] {0 7-1 5] cholesterol ratio [<15 

(mmol/l) (moli) [>22] (molil) 
(umolimmo) 

21 0-94 I 

2 38 18 24 34 

2 23 129 

2'08 1-06 4 

225 0-94 22 

2 25 1-02 3°8 55 


*Creon (Duphar); tvitamins A, B, and C given as Abidec (W-L) 


1-82 


Archives of Disease tn Childhood: short reports 


Table2 Results of blood tests n case 2 Normal values are given in square brackets 





Date Aspertate y-Giutamyl- Alkaline 
hansammase erase phosphatase 
{5-45] [0-45] {30-1103 
TU) (IUII) (IUII) 

28/9/87 40 90 125 

Chan to pancreatin as Creon 

22/11/88 40 09 103 

Started vitanin E 

16/5/89 42 137 

71591 gl 119 97 

12/5/92 36 60 75 


reduction of all three major pancreatic enzymes; 
pancreatic scan revealed no normal pancreatic 
tissue and the diagnosis was exocrine pancreatic 
insufficiercy. He was treated with pancreatin as 
Nutrizym (Merck) tablets, vitamins A and D, 
and calcium sipplements; alfacalcidol had been 
added later. He improved and at the time of his 
son’s presentation he had no specific com- 
plaints. Eowel actions were 1-2 times daily, 
usually fo-med but somewhat bulky and pale in 
colour. General examination was normal with 
height and weight on the 75th centile. There 
was nc vis_ble pancreatic tissue on ultrasound or 
computed tomography. Repeated full blood 
counts and tests of neutrophil function were 
normal. A gluzose tolerance test showed normal 
insulin concentrations, but the two hour bload 
glucos= concentration was raised at 7°6 mmol/l. 
Values for serum amylase and immunoreacuve 
trypsin were low. Serial tests of liver functian 
(abstaming from alcohol) with measurements of 
fasting TSBA and vitamin concentrations are 
shown in table 2. Detailed investigations for 
possible causes of liver disease were normal, 
though an ERCP and liver biopsy were not per- 
formed. Fanc-eatic enzyme replacement treat- 
ment was changed to Creon (Duphar) with 
further imprcvement in stool character, and 
vitamin E supplementation was given. 


A paternal uncle of case 2, who had died at 
the age of 62 had been underweight, suffered 
diarrhoea all his life, and scratched excessively. 
No hospital tests or biochemical measurements 
had been performed. 


Discussian 

Investigatons of this father and son with 
exocrine pancreatic insufficiency and abnormal 
liver function tests have excluded cystic fibrosis, 
Shwachman’s syndrome, isolated pancreatic 
enzyme ceficiencies, malnutrition, and con- 
genita: pamcreatic hypoplasia. -° Partial exocrine 
pancreatic insufficiency has been described in 
association with paucity of interlobular bile 
ducts,* buz severe failure to thrive is an important 
feature of chidren with this disorder; in addi- 


Calcium Vuamm A «t-Tocopherol. TSBA 
[2°26-2 6] [0 9-2 5] cholesterol ranio [<15] 
(mmol/l) (pmol/l) [>2 2] (pmol/l) 
(pmolimmol) 

2:5 27 1:33 13 

2 0-7 
2'15 2:08 40 21 

2-0 52 40 
2°08 1°63 4'3 16 


tion, there are characteristic changes on a liver 
biopsy specimen that were not seen in case 1. 

There may be an association between sclero- 
sing cholangitis and chronic pancreatitis in 
adults’ and between sclerosing cholangitis and 
inflammatory bowel disease in childhood.® 
Neither of our patients has evidence of 
inflammatory bowel disease and sclerosing 
cholangitis with chronic pancreatitis has not 
been reported in childhood. An attempt to 
confirm or refute such an association by per- 
forming an ERCP in case 1 was only partially 
successful due to technical problems and it was 
felt unethical to repeat this. 

Both patients have raised TSBA in the fasting 
state, a finding more marked in the son. The 
meaning of this is unclear, but it may be a 
reflection of the underlying liver disease. 

Follow up over five years has shown a 
considerable improvement in liver function test 
status, especially in the son, since the introduc- 
tion of pancreatic enzyme and vitamin supple- 
ments; which suggests that this may be as- 
sociated with correction of malabsorption. The 
son’s present results are not dissimilar from 
those of his father, allowing for normal age 
related variation, and we conclude that both 
patients have the same disorder. 


We thank Professor J Rhodes and Dr R Lewis for permission to 
ort the findings of case 2 and Mr Y Qureshi for measurement 
total serum bile acid concentrations. 
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Thrombolysis with low dose tissue plasminogen 


activator 


E Doyle, J Britto, J Freeman, F Munro, N S Morton 


Abstract 

Two cases of vena caval thrombosis in infants 
were successfully treated with low dose 
(0-01-0-05 mg/kg/hour) local infusions of tissue 
plasminogen activator after conventional anti- 
coagulant treatment had been unsuccessful. 
This approach is useful for clots associated 
with indwelling intravascular catheters, and a 
low dose infusion of tissue plasminogen 
activator as a regional application is re- 
commended to achieve clot lysis with mmimal 
systemic effects. 


(Arch Dis Child 1992;67:1483-4) 


Recombinant tissue plasminogen activator has 
been used in adults for thrombolysis after 
myocardial infarction.' There is little experience 
of its use in children and there are no dose 
recommendations. Two cases of vena caval 
thrombosis in infants are reported here in which 
conventional anticoagulant treatment was un- 
successful but which were successfully treated 
with low dose (0:01-0:05 mg/kg/hour) local 
infusions of tissue plasminogen activator. 


Case reports 

CASE | 

A neuroblastoma was removed from a 13 month 
old boy. A Hickman line was sited in the left 
internal jugular vein to administer chemo- 
therapy. Two weeks later he develoepd oedema 
and venous congestion of the face, neck, and 
arms. An ultrasound examination showed 
obstruction of the superior vena cava and a 
diagnosis of superior vena caval thrombosis was 
made. 

Treatment was started with an infusion of 
heparin at 25 [U/kg/hour following a bolus of 
100 IU/kg. There was no clinical improvement 
after 24 hours. A venogram showed an extensive 
thrombus filling the left subclavian and 
innominate veins extending into the superior 
vena cava. 

Aninfusion of recombinant tissue plasminogen 
activator was started through the Hickman line 
at a dose of 0-01 mg/kg/hour. This was 
increased to 0°05 mg/kg/hour after four hours, 
and after 24 hours of treatment improvement in 
the swelling and oedema was noted. An ultra- 
sound examination showed blood flow through 
the innominate veins and superior vena cava. 

After 48 hours of treatment there was some 
bleeding from the Hickman line insertion site. 
The infusion of tissue plasminogen activator 
was stopped for three hours and restarted at 
0-03 mg/kg/hour. No further bleeding was seen. 
After three days of treatment the tissue plas- 
minogen activator infusion was stopped, the 


Hickman line removed, and a heparin infusion 
started. During treatment fibrinogen was 
measured daily and was always greater than 3-5 
g/l. The concentration of the D-dimer during 
treatment was between 0-2 and 4 mg/l. 


CASE 2 

A male infant was born with transposition of the 
great arteries and had an atrial septostomy or 
the first day of life. This was followed one week 
later by a switch operation with reimplantatior. 
of the coronary arteries. His clinical course afte- 
the operation was complicated by persisten: 
bilateral chylothoraces and he needed albumin 
and total parenteral nutrition via the central 
venous cannulae. Four weeks after the operationa 
clinical diagnosis of superior vena caval thron- 
bosis was made and confirmed by venography. 
During this period there had been continuous 
cannulation of the superior vena cava by several 
different catheters inserted by different route:. 
The child was treated with an intravenous 
infusion of heparin and then warfarin by mouth 
to achieve an internationalised normal ratio of 
2°0-2°5. 

Six weeks after the operation an ultrasourd 
examination of the inferior vena cava showed a 
large thrombus extending from the tip of a rigat 
femoral vein catheter and occupying most of tie 
inferior vena cava. Warfarin was discontinuzd 
and recombinant tissue plasminogen activator 
given through the femoral vein catheter at an 
initial dose of 0°01 mg/kg/hour. This was 
increased to 0°02 mg/kg/hour after six hours aad 
was continued for six days. Serial ultrasound 
examinations showed complete lysis of the cot 
over this period. The infant was then treated 
with an intravenous infusion of heparin followed 
by warfarin by mouth. 

There was no bleeding during the infusior of 
tissue plasminogen activator. The fibrinogen 
concentration was always greater than 1'5 g/l 
and the D-dimer concentration between 0-2 end 


4 mg/l. 


Discussion 

Tissue plasminogen activator is a naturally 
occurring protein which plays a part in the 
fibrinolytic cascade. It catalyses the conversion 
of the inactive proenzyme plasminogen into the 
active serine protease plasmin. Tissue plasm-no- 
gen activator has a high affinity for fibrin and 
the tissue plasminogen activator-fibrin complex 
enhances the binding of plasminogen to fikrin. 
This fibrin bound plasminogen is broken down 
to produce plasmin locally at the site of the zlot. 
This clot selective mechanism, together with 
the low affinity of tissue plasminogen activator 
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for circulating plasminogen, is thought to mini- 
muse the systemic thrombolytic effects of tissue 
plasminogen activator. 

Bleeding may be reduced by the regional 
application »f tissue plasminogen activator 
directly onte th2 clot with the assumption that 
the thrombefytic effect will be entirely local. 
This is attactve for clots associated with 
indwelling ictrawascular catheters which may be 
used as the treatment route. 

Our two padents received a low dose infusion 
of tissue plesmmogen activator as a regional 
application tc try to achieve clot lysis with 
minimal systemic effects. 

A similar low cose (0°05 mg/kg/hour) regional 
infusion of tissue plasminogen activator has 
been used in fcur neonates with caval thrombosis 
secondary to icdwelling intravascular catheters.“ 
There was su>:essful lysis of the clot in three of 
the patients. In cne patient the infusion caused 
a decrease in brinogen ‘concentrations and an 
increase in fitrin degradation products and this 
infant had an _ntraventricular haemorrhage. 

When higter doses of tissue plasminogen 
activator (0-1-0°5 mg/kg/hour) were given to 12 
children,’ six had bleeding complications. In 
these six patients sleeding was associated with a 
tissue plasmircgen activator dose of 0:46-0:50 
mg/kg/hour). 

The age o- tke clot to be lysed has an 
important effect en its susceptibility to throm- 
bolysis. Most ia tivo studies suggest that clots 
become more -esistant to lysis as they age.* 
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Early initiation of treatment is important and 
this may have been a factor in the success of the 
low doses of tissue plasminogen activator 
reported here. 

Although pharmacologically effective doses 
of tissue plasminogen activator appear to cause 
less of a systemic lytic effect than streptokinase,’ 
there is a poor correlation between markers of 
systemic thrombolysis and bleeding complica- 
tions. 

In view of the limited experience with the use 
of tissue plasminogen activator in children and 
the fact that these patients are likely to have a 
relatively high incidence of catheter associated 
thrombosis, our patients indicate that local 
application of low dose (0:01-0:05 mg/kg/hour) 
infusions may be a useful approach. 


l VAM: Hanapan J Lippe G, Olssen CG, Jensen G, Skene 
o tissue plasmin activator fi 

mortality reduction in acute m it Soa oan 
Scandinavian Study of Early Thrombol ASS 
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Anderson BJ, Johnson ND. Caval thrombol 

aoa wie on a a 
Pe aca cas activator. Anaesth Intensroe Care 1991;19: 

3 Levy M, Benson LN, Burrows PE, et al. Tissue plasminogen 
activator for the treatment of thromboembolism in infants 
and Mantes Vi 3k F Sig EIR 118:467—72. 
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5 Na D. Guidelines for the use of mtra- 
venous thrombolytic a Iii geute myocarde tiara: 
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6 Mueller HS, Rao AK, Forman MA, et al, Thrombolysis in 
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coronary reperfusion and systemic fibrinogenolysts with two 
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Fatal encephalitis/encephalopathy in primary 
human herpesvirus-6 infection 


Y Asano, T Ycsbikawa, Y Kajita, R Ogura, 5 Suga, T Yazaki, T Nakashima, A Yamada, 


T Kurata 


Abstract 

cn encephalitiz ilmess with a fatal outcome 
occurred in a 9 orth old girl with virologically 
confirmed exantiem subitum. Human herpes- 
virus-6 (HHV-6) DNA was found in the 
cerebrospinal fiwid at the acute stage of the 
cisease by the polymerase chain reaction, but 
the virus antige was not detected in her brain 
tissue. This sizgests that HHV-6-induced 
encephalitis/encephalopathy may be due to a 
non-infectious process. 


(Arch Dis Child 1%€23€7:1484-5) 


Central nervous sysiem complications are well 
known during the ccurse of exanthem subitum, 
which is caused by primary infection with 
human herpesviris-6 (HHV-6). It has been 
strongly suggest>1 that the virus invades the 
central nervous system and causes encephalitis 
or encephalopatty.! ? There is, however, little 
information on whecher the virus invades the 


brain tissue. We report a fatal case of exanthem 
subitum with encepalitic illness that occurred in 
the pre-eruptive stage of the disease. The 
virological and histopathological findings of the 
case are also presented. 


Case report 

A 9 month old girl was admitted to the Kariya 
Sogo Hospital because of high fever and 
generalised clonic convulsions. She had been 
apparently well unti the afternoon of the 
previous day (day 0) when her temperature had 
suddenly risen to 39°2°C. In the early hours of 
the next morning she had a generalised clonic 
convulsion that persisted for one minute; this 
occurred approximately 10 times during the 
next four hours. She vomited several times and 
became drowsy and was admitted to our hospital 
suffering from stupor that morning (day 1). On 
admission, physical examination revealed a well 
nourished, well developed infant with a normal 
anterior fontanelle. She had been born at full 
term after an uncomplicated pregnancy. Her 
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temperature was 38°6°C. A computed tomogram 
and electroencephalogram showed normal 
results. Her cerebrospinal fluid was examined; 
the concentrations of protein and glucose were 
normal and there was no pleocytosis. White cell 
count was 2°5x107/ with 19% lymphocytes. 
Other haematological and blood chemical analy- 
ses showed normal values except for a mild 
increase in her liver enzymes. She was treated 
conventionally for encephalitis and with 
acyclovir (30 mg/kg/day) because herpes sim- 
plex virus encephalitis was clinically suspected 
on her admission. Despite the treatment, her 
consciousness level worsened and she was 
assisted by mechanical ventilation. On day 3 of 
the iliness her temperature returned to normal 
and a rubella-like skin rash appeared on her 
face and trunk. On the same day her brain func- 
tion could not be detected by electroencepho- 
lography. Cranial computed tomography 
performed on day 8 of the illness demonstrated 
subarachnoidal bleeding, appreciable brain 
oedema, and diffuse hypodensities. On day 21 
of the illness she did not respond to the usual 
cardiopulmonary resuscitative efforts. After 
parental permission was obtained, a piece of 
brain tissue was taken by needle biopsy. 


Methods 

HHV-6 was isolated by cocultivation of peri- 
pheral blood mononuclear cells (MNCs) from 
the patient with MNCs from cord blood, and 
antibody titres to HHV-6 were tested by the 
neutralisation test, as described previously.? 
Antibody titres to HSV types 1 and 2 were 
measured by the standard 50% plaque reduction 
neutralisation tests using the vero cell culture 
system. 

HHV-6 and herpes simplex virus DNA were 
extracted from the cerebrospinal fluid and 
amplified by the nested polymerase chain 
reaction (PCR) using procedures reported 
elsewhere.* 

HHV-6 antigen in the brain tissue was 
examined by enzyme immunoassay using mono- 
clonal antibodies to HHV-6 as described 
elsewhere.’ 


Results 
HHV-6 was isolated from blood obtained on 
day | of the illness, but not from blood on days 
5 and 18. HHY-6 DNA sequences were detected 
in the cerebrospinal fluid obtained on day 1 of 
the illness by the PCR. There was a significant 
rise in the antibody titres to HH V-6 from day 1 
(<4) to day 5 (128) and day 18 (>512) of the 
illness. On the other hand, there was no 
evidence of primary herpes simplex virus infec- 
tion in blood and cerebrospinal fluid samples. 

In the brain tissue obtained just after her 
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death there was no infiltration of inflammatory 
celis nor HHV-6 antigens. 


Discussion 

Several cases have been reported showing 
central nervous system complications in associa- 
tion with primary infection with HHV-6 in 
which it has been suggested that the central 
nervous system has been invaded by the 
virus.! ? Yamanishi et al, however, have reported 
that the virus DNA could have been amplified 
in seven (70%) of 10 samples of cerebrospinal 
fluid from patients with exanthem subitum who 
had convulsions or a bulging fontanelle, or 
both.°® 

It is important to note that in the present 
study the brain tissue obtained just after death 
did not have any inflammatory cells and there 
was no HHV-6 antigen despite the fact thar 
HHV-6 DNA was clearly detected in her 
cerebrospinal fluid sample. Oedematous change: 
and the hypodense areas of the brain observec 
by computed tomography in our case and im 
other reported cases suggest encephalitic changes 
of the brain. However, the findings in the brain 
tissue of our case do not support this speculation. 
If enough (or the entire) brain sample had been 
available in our case we might have been able D 
ascertain the relationship between the histc- 
logical findings and the distribution of HHV-5 
antigen more precisely. Moreover, in order t 
confirm the encephalitogenic nature of tke 
virus, localisation of HHV-6 antigen or tke 
virus gene sequence in brain tissue would need 
to be shown by using sensitive and specif c 
techniques. 

It is generally believed that exanthem subitum 
is a common benign infectious disease and tke 
prognosis is uniformly excellent even for cas2s 
complicated by convulsive seizures. However, 
although the case reported here is a rare 
complication of exanthem subitum, it is impcr- 
tant for physicians who care for patients wih 
exanthem subitum to be aware of the potent.al 
hazard of unexpected death. 


Recombinant human interleukin-2 was kindly supplied by 
Takeda Chemucai Industries Ltd, Osaka, Japan 
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Recovery of protein from urine specimens collected 


in cotton wool 


G C Smith, 2 M Taylor 


Abstract 

Cotton wool bafis have been used to aid the 
collection of irine from infants. Concentra- 
tions of two umnary proteins, albumin and 
retinol bindiag protein, decreased by 40 and 
&0% respectively within 15 minutes of contact 
with the cotton wool. Cotton wool balls 
should not >e used when investigating 
proteinuria. 


(Arch Dis Child _992367:1486-7) 


Examination erd analysis of urine is an impor- 
tent part of the menagement of a wide variety of 
medical disordars. Although obtaining urine 
specimens from older children is a relatively 
simple procedure, collecting specimens from 
infants is oftea less satisfactory. A urine bag 
may be required and this can be difficult to 
apply, particula-ly in girls, with repeated appli- 
cations liable to cause discomfort. In an attempt 
to overcome this problem, it has been suggested 
that urine can be successfully collected in this 
age group by axtcn wool balls held in suitable 
disposable nappies.’ ? This method of collection 
has been shown not to interfere with the 
measurement o- a number of urinary constituents 
‘sodium, potassium, nitrogen, creatinine, urea, 
amino acids), though calcitim and phosphorus 
concentrations are increased.! The validity of 
this method of collection has not been established 
for proteins, kcwever, which are commonly 
investigated in the assessment of renal disease. 
We therefore lo>xed at the effect of cotton wool 
on the concentrst_ors of two commonly measured 
urinary proteins. retinol binding protein and 
elbumin. 


Method 

Urine specimerms were obtained from normal 
children and thə:e with glomerular or tubular 
dysfunction to obtain urine samples with a wide 
range of retinol binding protein and albumin 
concentrations. 4 20 ml specimen of urine was 
mixed and then 4 vided into five equal aliquots, 
four of which were placed on standard cotton 
wool balls. The trine was then extracted from 
the cotton wool after 15, 30, 60, and 120 
minutes of incuteticn at room temperature, by 
compressing the cco-ton wool ball in a 20 ml 
syringe. Fourteem specimens were examined 
with respect to retinol binding protein (concen- 
tration range 48-24 000 ugi) and albumin 
(concentration rang2 3:8-72 400 mg/l). The 
specimens were tren stored at —20°C for up to 
four weeks before assay. Retinol binding pro- 
tein was determ_nec using an enzyme linked 
immunosorbent assay (ELISA)’, albumin by a 


radioimmunoassay, and 
modified Jaffé reaction. 

The results were analysed using a two tailed 1 
test. 


creaunine by a 


Results 

As with previous studies, there was no effect on 
the determination of creatinine concentration in 
the urine specimens after contact with cotton 
wool. The precision of the assays are shown in 
the table. 

There was a significant decrease of 35-40% 
(p<0-05) in the albumin concentration, though 
this was not consistent and a number of 
specimens showed only a slight loss of albumin. 
The greatest percentage decreases were seen in 
urine specimens of lower albumin concentrations 


Precision of ELISA for determination of urinary retinol 
binding protein and of radioummunoassay for urinary 
albumin concentrations 


Measurements Mean (SD) Coefficient of 
variation (%) 
Retinol binding pro 
Within run (n=10) 78 6 (3-8) 49 
Between run (n=14 
(1) 46-2 (7-2) 155 
(u) 133 0 (12-2) 9-2 
Albumim: 
Within run (n= 10) 
(i) 49 oa %9 
11) 162°0 (9:4 5-8 
Between run (n=13) 
i 4:7 oe 9:0 
(u) 153-6 (8-6) 5'6 
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Relationship between decrease tn albumin concentration 
and initial concentration of albumm. Pearson’s 
G.=—-0°7099, p=0°004. 


Recovery of protem from urme specimens collected in cotton wool 


with an inverse relationship between the per- 
centage decrease at 15 minutes and the initial 
albumin concentration (figure). 

The decrease in retinol binding protein con- 
centration was greater and consistent, amounting 
to a loss of 80% of the measurable retinol 
binding protein (p<0-001). The loss occurred 
within the first 15 minutes of contact with the 
cotton wool, was less dependent on the initial 
retinol binding protein concentration, and did 
not significantly change over the next 105 
minutes. 


Discussion 

The difficulties of obtaining urine specimens 
from infants is well known and attempts to 
make collection easier are welcomed. The use of 
cotton wool balls to ease collection of urine for 
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the determination of low molecular mass urinary 
constituents has been shown to be reliable. We 
feel, however, that it would be unwise to extend 
this practice to the collection of urine specimens 
for the measurement of proteinuria. The fibres 
used in the manufacture of cotton wool balls 
appear to absorb at least part of the protein 
content of the urine and make meaningful 
measurements impossible. 


1 Roberts SB, Lucas A. Measurement of urinary constituents 

= output using disposable napkins. Arch Ds Dis Child 1985; 
:1021-4 

2 Ahmad T, Vickers D, Campbell S, Coulthard MG, Pedler S. 
Unne collection from disposable nappies. Lancet 1991,338; 

3 Topping MD, Forster HW, Dolman C, Luczynska CM, 
Bernard AM ent of urinary retinol-binding 
protein by enzyme- -linked immunosorbent assay, and 11s 
application to detection of tubular proteinuria. Cim Chem 
1986;32/10: 1863-6. 
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Drug treatment 


Michael Prendergast 


There is general agreement that psychoactive 
drugs should only be given as part of an overall 
treatment phn. It might be thought there would 
also be general agreement that the use of 
psychoactive drigs should be informed by the 
literature but th2re are such large differences in 
prescribing practice between clinicians and 
between countr.es that other factors must be 
relevant. Stimulant drugs are probably the best 
investigated and best understood psychoactive 
drugs in use m childhood and yet they are seldom 
prescribed in Britain, where drugs are frequently 
used to treat sleep problems and nocturnal 
enuresis.' * 3oth of these conditions are more 
appropriately managed with behavioural 
methods. On tne other hand, some severe 
psychiatric problems are unusual and little 
researched in childhood or adolescence. One 
can appeal ta the adult literature but it may not 
be relevant. There are a number of recent 
reviews of pharmacotherapy which differ in 
emphasis anc which are helpful in whole or in 


There is still quite a gap between our 
knowledge of what drugs can do biochemically 
and why they make some problems better. Most 
psychoactive drugs affect more than one neuro- 
transmitter system,® so this account leaves 
neurotransmicters aside and matches opera- 
tionally defined syndromes with drugs believed 
to alter target sym>toms within these syndromes. 


Sleep problens 

Difficulty in settling, ‘midnight intruder’, and 
dawn rising ate common sleep problems in the 
toddler years and respond well to behavioural 
methods, which are the treatment of choice.” 
Prescription cf hypnotics to children is con- 
traindicated by the Bnush Natonal 
Formulary'®; iespite this, their use is wide- 
spread.! Trimeprazine (Vallergan, Rhône- 
Poulenc Rorer) works well in the short term”! 
and may be used m a crisis, for example, when 
parents are serere_y sleep deprived themselves. 
Tolerance devzlops rapidly and if the response 
is to increase the dose the child may become 
zombie-like and drool throughout the day. Data 
sheets for Vallergan now contain an expanded 
section on the risk of tardive dyskinesia, which 
is another regson for caution. Chloral is an 
alternative for shoct term use. Benzodiazepines 
are best avoided in childhood because of their 
behavioural toFicity. 

Occasional righzmares are common and can 
usually be related tp a frightening experience. If 
frequent they should be inquired into. Night 
terrors, sleep walking, and sleep talking are 


parasomnias and often respond to explanation 
and reassurance.'* When they are frequent and 
occur at a predictable time of the night, they can 
sometimes be controlled by pre-emptive 
waking.'* Drug treatment is rarely necessary. 
Low dose benzodiazepines have been used and 
there are reports of successful use of both 
imipramine'* and carbamazepine’’ which may 
be preferred. 

Narcolepsy and other hypersomnias are 
seldom diagnosed in childhood. Psychostimu- 
lants, for example, methylphenidate or dex- 
amphetamine, and more recently mazindol,'° 
are favoured in the adult literature. Clomipra- 
mine may reduce the frequency of narcoleptic 
attacks and of cataplexy which is loss of tone 
without loss of consciousness.'* Dietary tyro- 
sine supplements have been found helpful in 
reducing hypersomnia in adults in some hands?’ 
but not in others.'® Quantitative serum tyrosine 
monitoring is prudent in childhood. 


Confusion and delirium 

Confusion and delirium are medical emergencies 
and this is the first line of management. Fever 
or other signs may point to a medical cause and 
non-convulsive status epilepticus is one of many 
conditions that must be considered. Drugs may 
be responsible, whether medically prescribed or 
illicitly obtained, through idiosyncratic reaction 
or overdose. 

When a drug is responsible for the reaction, 
it should be stopped where possible. Disorienta- 
tion and behaviour disturbance are often more 
prominent at night and chloral is effective if 
only night sedation is required. 

Where behaviour disturbance is jeopardising 
treatment, the short term use of chlarpromazine 
is recommended, in doses sufficient to confine 
the child to bed, combined with adequate 
illumination and sensitive nursing care. Such 
reactions are usually shortlived. 

Children with dementing illnesses associated 
with behavioural problems may rarely require 
chronic sedation, for example, chlorpromazine 
or thioridazine which should be prescribed in 
the lowest dose effective and in higher dose at 
night if night time sedation is also required. The 
oral route is preferred as intramuscular injections 
may be interpreted as attacks. Where tablets are 
not tolerated and when thiordazine is chosen, 
the suspension should be used as the liquid is 
extremely unpalatable. 


Schizophrenia, hallucinations, and 
neuroleptic drugs 
Schizophrenia of adult type 1s rare in prepuber- 


Drug treatment 


tal children, although it becomes more common 
in adolescence. Its management is a specialist 
matter and wil often involve inpatient treatment 
in a dedicated unit. An underlying phvsical 
disorder should always be sought. Treatment is 
symptomatic and based upon the symptoms 
present at the time. 

As drug treatment hinges upon neuroleptics 
with their attendant long term risk of tardive 
dyskinesia, non-drug alternatives can and 
perhaps should be tried where appropriate, 
although it is recognised that most units do not 
do this. 

Auditory hallucinations may respond to an 
ear plug.’” It should be placed in the more 
impaired ear where there is a difference, and 
when the patient will tolerate it. Visual hallu- 
cinations are usually paroxysmal and distorting 
spectacles interfere with them if the patient can 
be persuaded to sit down and use them. Both 
these types of hallucinations can occur in plain 
consciousness in the absence of psychosis.7° 2’ 
In these circumstances, compliance with the 
treatments suggested above may be easier to 
obtain. 

The drug treatment of children and adole- 
scents with schizophrenia is little researched 
and practice is based upon analogy with the 
adult literature. 

It is important to appreciate the huge differ- 
ences in potency between neuroleptics. A dose 
of 100 mg of chlorpromazine is equivalent to 
100 mg of thioridazine, but 5 mg of trifluopera- 
zine and only 2 mg of haloperidol and only 2 mg 
of pimozide, but 200 mg of sulpiride and 40 mg 
of clozapine. In general, the more potent 
neuroleptics carry a greater risk of extrapyra- 
midal side effects and the less potent neuroleptics 
are more sedative, but still have extrapyramidal 
side effects. Dependent upon the degree of 
disturbance at presentation, sedation may be 
the first priority. Otherwise, a period of drug 
free inpatient observation by experienced staff 
is preferable and may be all that is required in 
some brief psychotic episodes. 

Subsequent management in those requiring 
medication will comprise a systematic trial of 
several weeks of a drug from each of the various 
groups given individually according to toler- 
ance. Typical representatives would be 
chlorpromazine, thioridazine, sulpiride, and 
haloperidol. Depot neuroleptics are usually 
avoided until a stable response has been 
obtained, if they are to be used at all. 

Unfortunately, a therapeutic margin between 
symptom relief and side effects can be hard to 
find in the prepubertal patient.” Clozapine 
offers hope for treatment resistant patients but 
it is only licensed for use in children older than 
12 years subject to compliance with an expensive 
monitoring procedure to guard against agranu- 
locytosis.? 

Drug treatment mainly affects the positive 
symptoms of hallucinations and delusions. It 
has very little effect on the negative motivation- 
less state that some patients are left with. 
Ciompi has drawn attention to the various 
patterns of schizophrenic illness.2* Only some 
forms imply ‘medication of life’. Once control is 
achieved, a decision must be made whether to 
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try the patient on a diminished drug dosage 
while still ın hospital, or after safe return home. 
The issue of continued treatment should be 
kept under continual review. Antiparkinsonian 
agents are not prescribed routinely but are only 
given if the relevant side effects occur. 

Patient and parents must be warned of the 
possibility of writhing, dystonic movements of 
the face and body, and oculogyric crisis in the 
first few days of treatment with neuroleptics 
and of parkinsonian symptoms of tremor, 
rigidity, akinesia, and salivation in the succeed- 
ing weeks. All of these symptoms respond to 
antiparkinsonian agents or medication reduction. 
Acute dystonic reactions are distressing and 
they are medical emergencies. Parents of children 
who are managed as outpatients may be given a 
few procyclidine tablets or equivalent to use, if 
required, pending attendance at a casualty 
department. Intramuscular injection of an anti- 
parkinsonian drug will bring more immediate 
relief. 

Some patients experience akathisia, ar 
unpleasant restless agitation, usually within the 
first two months of starting a neuroleptic. It car 
be difficult to treat without drug reduction 
Adult work indicates akathisia is relatively 
resistant to antiparkinsonian drugs but pro- 
pranolol may be helpful. Clonazepam has been 
shown to be effective in some adolescem 
cases.” 

More seriously, neuroleptic malignant syr 
drome may present at any time.?® In its florid 
state it is characterised by fever, fluctuating 
consciousness, autonomic instability, increased 
tone, and raised serum creatinine kinase. Formes 
frustes occur and fever or raised enzymes may 
be lacking. It is a potentially lethal conditior. 
Neuroleptics must be stopped at once. Symp- 
toms may take a week or more to respond brut 
longer if the patient has taken a depot neurolep- 
tic. 

Dantrolene and bromocriptine have been 
used but the essence of treatment is attention -0 
fluid balance and cardiorespiratory support in a 
medical setting. 

Tardive dyskinesia is an important long tern 
risk of neuroleptic treatment. It may be transieat 
and appear as a withdrawal dyskinesia lasting 
from days to several months, or ıt may 3e 
persistent. In tardive dyskinesia irreguar 
choreoathetoid movements occur predominan ly 
in the buccal-lingual musculature and at me 
distal extremities. It is not uncommon in 
children exposed to neuroleptic, 25% in ce 
series.?” Mentally retarded patients are at grea-er 
risk and also at greater risk of neuroleptic 
treatment. Tardive dystonia is a more malign:nt 
variant characterised by sustained contractcon 
of skeletal musculature, manifest as, Zor 
example, sustained tongue protrusion, disabl ng 
posturing, stridor from laryngospasm, end 
dysarthria.’ 78 In addition, Gualtieri has ds- 
cribed a late onset behavioural equivalent of 
tardive dyskinesia that he terms tardive akath sia 
with dysphoria and motor restlessness.’ 

All these conditions are difficult to teat 
beyond withdrawal of neuroleptics and waiting. 
They may be irreversible but remission rates in 
children are fortunately higher than in adults. 
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Non-extrepyramnidal side effects of neurolep- 
tics includ= g-naecomastia, galactorrhoea, 
amenorrhoes, «eight gain, and jaundice. 
Chlorpromazine ts particularly associated with 
photosensitire reections and thioridazine with a 
pigmentary retipopathy in high dose. 


Hypomania and bipolar illness 

Hypomania ss cheracterised by elevated mood, 
excitement and irritability, pressure of talk and 
flight of ideas. which are often grandiose. 
Teenagers are dsinhibited and sleep little. 
Mania is a m-e brid version of the same. It 1s 
rare, even reportable before the teenage years.”° 
in the acute phase, sedation with a major 
tranquilliser and hospital admission may be 
required. Hypoma_ic episodes may be recurrent, 
or more uswally part of a bipolar illness. 
Children and <eenagers with bipolar disorders 
have recurremt episodes of severe depression 
and hypoman.é. L:thium carbonate is the treat- 
ment of choize.® ” Because of differences in 
bioavailability, if is important to choose a 
preparation arc stay with it. 

Sustained releas2 lithium carbonate can be 
given twice dasly and blood concentrations are 
monitored in the steady state, 12 hours after the 
previous dose. :n practice this means about five 
days after the last dose increase. Target serum 
concentrations are usually within the range of 
0-6-1-0 mmo/.. When control is obtained, 
measurements ere repeated every six weeks or 
so and also thy-ord function tests and tests of 
renal function are >erformed—less frequently 
but more often if there is cause for concern. 
Fluid loss thraugi vomiting, diarrhoea, and 
sweating in hct weather can all cause toxicity 
that is characterised by diarrhoea, vomiting, 
tremor, ataxia, dysarthria, and muscular weak- 
ness progressing ta cardiac arrhythmia, stupor, 
and death if litkiur is continued. Less severe 
side effects incLrle polydipsia, polyuria, weight 
gain, and thyro.c dysfunction. Previous worries 
about nephroscxicizy seem to have been 
exaggerated.*! 

In rapid cyc.mg >ipolar illnesses there are 
three or more occurrences within a year. Some- 
times there may >e several mood swings within 
a week. Carbamazepine can be used as an 
alternative to lituurm. carbonate in unresponsive 
patients and as = treatment of choice in rapid 
cycling patients ~ Dosages are the same as in 
the treatment of epilepsy and the sustained 
release preparation i3 preferred. 


Depression 

Depression of adult type 1s increasingly recog- 
n:sed in childhood. Ia the past it was probably 
included in the cetegory of emotional disorders 
without further in qu:ry. 

When suspected, the child must be inter- 
viewed alone and suicidal ideas inquired after. 
A decision should be made whether referral for 
inpatient treatmert is required. Although child 
psychiatrists use entidepressants to treat more 
serious depressicrs’ evidence to support this 
practice is so far lackiæ from double blind trials 
and the issue is umsesolved. There is little 
experience with the n2w antidepressants. 
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Typically, amitriptyline is used for its sedative 
effect in the agitated patient and imipramine is 
used for its more stimulant effect in the patient 
who has slowed up. Patients and parents should 
be warned about the early appearance aad 
resolution of the anticholinergic effects of cry 
mouth, constipation, and blurred vision. These 
are not usually problematic if the drug is 
introduced slowly. Children seem to require 
75-100 mg daily on average and starting at 25 
mg at night, the dose can be increased by a 
similar increment every three days or so. 

The antidepressant effect is not usually 
obtained before about 10 days of treatment at 
the appropriate dose. In treatment responders 
antidepressants are usually continued for about 
three months after response is obtained. I do 
not usually begin withdrawal of drugs at critical 
times, for example, at the start of the new 
school year. Intersubject absorption of imipre- 
mine varies considerably and monitoring cf 
blood concentrations is recommended when this 
tricyclic is used. Puig-Antich et al have suggested 
that a total plasma concentration of 150 ugd 
(imipramine and desipramine) is necessary for 
therapeutic effect.’ Serial electrocardiographic 
(ECG) records are recommended if high doses 
of imipramine are needed to achieve this.* 
Clearly, parents must understand the need tc 
supervise the taking of tablets and to keep them 
away from the patient and younger siblings. 
Childproof containers are essential. 

Sleep deprivation or deprivation of rapid eye 
movement sleep as treatments for depression 
have yielded inconsistent results but may offer a 
treatment alternative for antidepressant resistant 
patients.” * 

Very severe depressive illness unresponsive to 
antidepressants, depressive stupor, and catatonic 
stupor are rare indications for electroconvulsive 
treatment. It should not be undertaken without 
further supportive consultant opinions, perhaps 
from colleagues in adolescent psychiatry and 
adult psychiatry, in addition to the usual 
thorough discussion with patient and parents. 
The great advantage of electroconvulsive treat- 
ment is rapid relief when it is successful.” 


Obsessive compulsive disorders and 
trichotillomania 

The manifestations of obsessive compulsive 
disorder include repetitious checking and other 
rituals and compulsions which often involve the 
whole family. Children who are severely handi- 
capped by these symptoms may require inpatient 
treatment. 

Behavioural management has a role but it is 
less powerful in this condition than was originally 
thought. Clomipramine is effective, even in the 
absence of coexisting depressive symptomato- 
logy.*® *° Trichotillomania responds to the same 
drug,* but this should not be taken as evidence 
that the nature of these two conditions is 
similar. 


Tics and Tourette’s syndrome 
Simple motor tics are widespread, transient, 
and can usually be managed with explanation 
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and reassurance. The syndrome of Gilles de la 
Tourette comprises multiple motor tics and 
phonic tics. Medication is only indicated when 
the tics are intrusive and handicapping. There 1s 
no evidence that early treatment modifies the 
course of the disease. 

Haloperidol ıs best researched and often cited 
as the treatment of choice.*! Acute extrapyra- 
midal reactions are common and patients should 
be warned of the possibility of tremor, stiffness, 
and oculogyric crisis, all of which will respond 
to antiparkinsonian agents, for example pro- 
cyclidine. Anuparkinsonian drugs should only 
be taken if these problems arise. Haloperidol 
can cause excessive sedation which has been 
termed a ‘fog’ state.** Sulpiride*® and pimozide*? 
can also cause extrapyramidal reactions but are 
less likely to and appear to have broadly similar 
efficacy. 

Because of reports of sudden death due to 
arrhythmias, pimozide is less used now. Prior 
ECG and subsequent monitoring is advisable 
and a response will have usually been achieved 
by 8 mg in a single daily dose 3f it is to occur.” 

Phonic tics are usually the first to respond to 
drug treatment and then complex motor tics 
and then simple motor tics. 

Tourette’s syndrome may be associated with 
other psychopathology, particularly obsessive 
compulsive symptoms. Rhythmic complex 
movements that appear compulsive, for example, 
repetitive kissing or lining up are called complex 
tics in the American literature, but as they seem 
to lie between Tourette’s syndrome and obses- 
sive compulsive disorder, they are perhaps best 
referred to as complex movements. Sometimes 
these movements are the main problem. Neuro- 
leptics usually leave them untouched but they 
will often respond to clomipramine where speci- 
fic treatment is required. 

Tics wax and wane but some children go into 
‘status tic’, a sequence of unrelenting tics and 
complex movements that leaves them sore and 
exhausted. In the absence of a more specific 
remedy, chloral induced sleep will sometimes 
bring relief. 

Clonidine has its advocates and has the 
advantage that it is not a neuroleptic but there 
are doubts about its efficacy** and in my hands 
it causes depression and does not affect the tics 
at all. 

Naturally there are concerns about the lifetime 
risk of tardive dyskinesia in this new cohort of 
children receiving long term neuroleptics. Drug 
free days are advised once or twice a week, 
perhaps at weekends, to diminish the lifetime 
weight of drug consumed. Treatment alterna- 
tives under investigation include buspirone and 
calcium channel blockers. 


Anxiety, panic attacks, and school refusal 
Situational anxieties or phobias are best treated 
with behavioural methods. In school refusal in 
the younger child, anxieties are multifactorial 
and early return to school is the cornerstone of 
management. Anxiolytics have been used but 
results are conflicting as to their efficacy. 
Benzodiazepines are best avoided because of 
their addictive potential and propensity to 
behavioural side effects. 
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Free floating anxiety and panic attacks may 
be associated with hyperventilation which can 
be assessed in the clinic. Propranolol may be 
helpful but is contraindicated when there is a 
history of asthma or arrhythmia. It has the 
advantage that it can be taken ‘as required’. The 
tricyclic drugs, amitriptyline and imipramine 
can be given for their anxiolytic effects. The 
present generation of monoamine oxidise 
inhibitors (MAOIs) is difficult to use because of 
the food restrictions required to avoid a pressor 
reaction. The newer reversible inhibitors of 
monoamine oxidase, for example, moclobemide 
may render this category of drugs more available 
to teenage patients. 


Hysterical disorders and eating disorders 
Hysterical and somatising disorders are included 
here because they are sometimes complicated by 
depression which should be diagnosed and 
treated in the usual way. Likewise, the depres- 
sion sometimes found in chronic fatigue syn- 
dromes and anorexia nervosa. Abreaction with 
intravenous amylobarbitone** can be helpful in 
the management of psychogenic stupor, as ıt is 
difficult to gain therapeutic access to a patient 
who can neither move nor talk.*’ 

There is no specific drug treatment for 
anorexia nervosa, but both imipramine and 
fluoxetine have found support in the treatment 
of bulimia nervosa.** 


Elimination 

The management of encopresis is not usually 
undertaken before age 4 years for developmenta 
reasons. Constipation is frequently associatec 
and laxatives may be required. The choice o 
laxative is important, but ‘sister’s favourite’ i: 
often prescribed by default. The area has beer 
reviewed recently by Graham Clayden and i: 
not further discussed. 

Likewise, developmental consideration: 
determine nocturnal enuresis is not usuall- 
treated actively before age 5 years. There is 
abundant evidence that behavioural methods 
are the treatment of choice after physical causes 
have been rejected. Some children respond tə 
simple star charts rewarding dry nights. 

Other children require a night trainer alarn 
that uses the same principle as the bell and pad 
and is equally effective but more convenient.” 
Many districts now have enuresis clinics D 
provide this service. Despite the above, 
amitriptyline and imipramine are still widely 
prescribed for nocturnal enuresis by gener:l 
practitioners’ and child psychiatrists.? Althougn 
effective ın the short term, relapse is frequert 
when the drug is stopped and the risk ef 
overdose by patient or siblings is well known.” 

There may be a place for prescribing one ef 
these drugs in the short term, for example, to 
allow a child to go on a school holiday and tre 
same can also be said for intranasal desme 
pressin,°?! but in the presence of safer, more 
effective behavioural methods the widespread 
use of drugs to treat nocturnal enuresis cannst 
be endorsed. 

In daytime wetting, behavioural methods 
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including regular potting are the mainstay of 
treatmert, but urodynamic review should be 
considered, part.cularly when there is associated 
urgency. Most of the drugs used by urodyna- 
micists can provoke nightmares. 


Hyperactivity 

Children with pervasive short attention span 
and restless, overactive, distractable behaviour 
meet criteria for hyperkinetic disorder according 
to the /nternational Classification of Diseases, 9th 
revision’ and attention deficit disorder in the 
Americar: system Diagnostic and Statistical 
Manual of Menal Disorders, 3rd revision 
revised.°- Attention deficit disorder defines a 
much broader group as it also includes situa- 
tional expression of these problems and it is not 
further discussed here. 

Hyperkinetic disorder, narrowly defined, 1s 
of early anset and occurred at a rate of 17 per 
1000 boys aged 6-8 years in the east London 
study.** British child psychiatrists are reluctant 
to make this diagnosis but usually identify the 
conduct disorder with which it is often asso- 
ciated.” Hyperkinetic syndrome is a handi- 
capping conditior. Management is difficult and 
requires attention to structure and consistency 
which usually involves environmental manipu- 
lation. Stimulant drugs are widely used in 
America; probably the best researched psycho- 
tropic drugs in use in childhood and scarcely 
used in Britain. Even if reserved for the most 
severely afflicted children who show this 
behaviour at home, at school, and in the 
doctor’s office, every health district has 
zandidate patients. 

After diagnosis. baseline parent and teacher 
catings using the Rutter® or Conners scales?’ 
are completed which takes a few minutes. These 
zan be repeated serially to assess change. 
Methylphenidate™ and dexamphetamine are 
>oth effective. A Yes-No effect is sought. When 
“here is benefit it is clear and the school dinner 
kady will notice if a tablet is omitted. What is 
more, the child’s :mproved behaviour is likely 
to have a positive efect on family interaction.~” 

Methylphenidate is only available in the UK 
cn a named patient basis from the company 
(CIBA Laboratorizs, Horsham, West Sussex 
RH12 4AE). It has a short half life and it is 
given in divided doses ın the range of 0:3—1-5 
mg/kg/day starting with about 5 mg daily 
cepending on the size of the child.” Appetite 
suppression is sometimes a problem so I usually 
zive it after breakfast, after lunch, and maybe 
after schooL Evening doses cause insomnia. 

Reversible growth failure is reported and is 
zrobably related to high dose regimens. Never- 
taeless, height, weight, and blood pressure 
siould be measured at each clinic attendance 
aad this means the clinic should be equipped to 
do this. Drug ‘hol:days’ are recommended for 
one or two days t weekends if this can be 
tclerated and for lenger periods at least once a 
year. Some children become tearful or depressed 
zad others may develop obsessive compulsive 
behaviour cr tics. Tics are usually cited as a 
centraindicstion.° 

Dexamphetamine is longer acting and may be 
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given twice daily. The dose range is similar and 
so are the side effects. Some children tolerate 
one of these drugs more readily than the other. 
It is said that stimulants are ineffective ın 
hyperactive children who are mentally handi- 
capped, but a trial is still worthwhile in selected 
cases.” Although both dexamphetamine and 
methylphenidate are controlled drugs, depen- 
dence is not a problem with the doses described 
here. Low dose imipramine, 25-15 mg daily is a 
useful but less potent alternative.°! 


Behaviour problems in children with epilepsy 

Children with epilepsy are at much greater risk 

of behaviour problems. The reasons for this are 

wee but only drug issues are considered 
ere. 

It is profitable to review the anticonvulsants 
the child is taking. The behavioural side effects 
of carbamazepine are often associated with peak 
serum concentrations and a switch to the 
sustained release preparation at the same total 
daily dose is easy to do, will seldom result in 
decreased seizure control” or detenorating 
behaviour, but sometimes produces a gratifying 
behavioural improvement. 

The behavioural side effects of phenobarbi- 
tone are well known and paediatricians hardly 
use it, but some adult specialists who also treat 
children are unfamiliar with this side effect. 

Clonazepam and clobazam can both cause 
profound and chronic behavioural deterioration, 
even pseudodementia, if parents do not decide 
to stop giving them. There is sometimes cross 
reactivity between the two compounds but 
sometimes not, so it is worthwhile to try a 
switch. Hyperactive children with learning 
difficulties and intractable seizures, who have 
been on a benzodiazepine from an early age, are 
particularly at risk that the drug induced 
behaviour will be assumed to be consttutional. 

Vigabatrin has made a notable contribution to 
childhood psychopathology and can produce a 
spectrum of problems including psychosis. 

One is reluctant to treat anticonvulsant 
induced hyperactivity with stimulants. Dexam- 
phetamine raises the seizure threshold and is 
recommended over methylphenidate, which is 
said to lower it, in the treatment of constitu- 
tionally hyperactive children with epilepsy. In 
practice methylphenidate may ameliorate or 
alter the seizure pattern in addition to its 
expected effect. 


Behaviour problems in children who are 
mentally handicapped’ 
Mentally handicapped children who present 
with behaviour problems divide conveniently 
into two groups those who are on drugs and 
those who are not. Those who are on drugs are 
probably on too many and sometimes show the 
fluctuating symptoms of a subacute confusional 
state. Treatment comprises drug rationalisation 
and reduction in the shadow of tardive 
dyskinesia. 

Children and teenagers who present with 
behaviour problems severe enough to warrant 
consideration of drug treatment will usually have 
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self injurious behaviour or challenging behaviour 
if they do not have a more conventional 
diagnosis, for example, depression or bipolar 
disorder,“* which should be treated appro- 
priately. Sometimes there will be a more 
straightforward explanation, for example, 
toothache or departure of a familiar member of 
staff from a children’s home. 

Self injurious behaviour, for example, head- 
banging or eye gouging is very difficult to 
treat. Naltrexone has been tried in recent 
years with some success.* °° Carbamazepine can 
also be used.” Challenging behaviour usually 
refers to explosive and aggressive behaviour in 
teenagers with limited language and limited 
responsiveness to social cues. 

Management is expensive, person intensive 
and requires structure, continuity, and environ- 
mental manipulation. Regular exercise may also 
be of help. Drugs may have a role but should 
always be assessed with a serial record of the 
frequency of the target behaviours against a 
baseline taken before the drug was started. 

Neuroleptics should be avoided as far as 
possible because of the risk of tardive dyskinesia 
that can follow even a short period of neurolep- 
tic treatment at low dose. Their short term 
efficacy is seductive. Dependent upon assess- 
ment of the problem, a separate exhibition of 
carbamazepine,’ © 7° propranolol, 7! or 
lithium® 7” 7? may all be considered. 

This world of chronic handicap is swept by 
enthusiasms. Fenfluramine has fallen out of 
favour for autism,’ 7* but amantadine and 
calcium channel blockers are on the horizon.”* 


It is always a serious decision to recommend 
parents give drugs to their children. Sometimes 
It iS a serious omission not to recommend 
parents give drugs to their children. 


I am pne to Mary Eminson for advice and support and to 
Claire Brittain for typing the manuscript 
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8. Size, power, and confidence 


M J R Healy 


This note is intended to bring together and 
enlarge upon some of the points I have made 
earlier in the series on significance testing and 
estimation, as I have found that there are some 
misunderstandings that are quite widespread. 
At the risk of repetitiveness, let me begin by 
recalling the way that significance testing works. 
Suppose clinicians are considering doing a 
clinical trial of a drug treatment which 1s 
intended to increase forced expiratory volume 
in one second (FEV,) in asthmatic children. 
Passing over many details that will be of import- 
ance in practice, they will start by contemplat- 
ing a null hypothesis, in this case an assumption 
that the drug may have zero average effect 
‘either absolutely or over and above that of a 
placebo) in a defined population of patients. 
From one viewpoint (not necessarily the most 
informative one) the trial may be regarded as 
providing an opportunity for the null hypo- 
thesis to be disproved. 

When in due course the results of the trial 
become available and have to be interpreted, 
there are two kinds of mistaken conclusion that 
can be arrived at. 

(1) The null hypothesis may be true, but it 
may be concluded that a real non-zero average 
treatment effect exists. In the jargon, the null 
hypothesis is rejected when it 1s actually true. 
This is a kind of false positive error and is 
known as an error of type I. 

(2) The null hypothesis may be false—the 
treatment may have a true non-zero average 
effect—but the trial may fail to establish its 
falsity. Some statisticians would say that the 
null hypothesis was to be accepted, but this is 
unnecessary; a not proven verdict is enough. 
This is a kind of false negative error and is 
known as an error of type II. 

Statistical significance testing is basically a 
methodology for controlling the rate of occur- 
rence of type I errors. The null hypothesis 
asserts that the population mean effect of the 
treatment is zero, but almost certainly the 
sample mean effect will differ from zero in 
either a positive or negative direction—there 
will be a discrepancy between the sample mean 
and the hypothetical population mean. Statistical 
theory plus some suitable calculations enable 
the clinicians to assess the probability of getting, 
by chance alone, a discrepancy as large as the 
one that has actually been observed ın the trial 
results. This probability is the significance pro- 
bability of the trial data. If it is small (1 in 100, 
say), there are two possible explanations: (1) 
something very improbable may have occurred 
or (2) the null hypothesis (on the truth of which 
the calculation of the significance probability 
was based) may actually have been false. 


If the significance probability is small enough, 
it will be natural to adopt the second of these 
explanations, thereby rejecting the null hypo- 
thesis. In actual fact, the null hypothesis may be 
true, and the decision to reject it may be 
mistaken; this is a type I error. The probability 
of making such an error is precisely the signifi- 
cance probability. 

Suppose, though, that the significance pro- 
bability of the observed discrepancy is not very 
small: 20-30%, say. The clinicians may then 
feel that they cannot reject the null hypothesis 
with an adequate degree of certainty. This does 
not of course mean that the null hypothesis ts 
true; it may be false (the treatment may have a 
real non-zero average effect), and in this case a 
type II error will have occurred. 

The clinicians considering the design of their 
trial will undoubtedly want to know the proba- 
bility of making a type II error, and statistical 
theory will help to provide this. The calculation 
will require three pieces of information. 

(1) The significance level demanded at or 
beyond which the null hypothesis will be 
rejected. This is called the sıze of the test and is 
usually denoted by a. The smaller the value of q 
(the greater the degree of protection against 
making a type I error), the larger is the 
probability of making a type II error. 

(2) The precision of the sample estimate of 
the treatment effect. Note that this will depend 
upon the standard deviation of the observations 
and also upon the sample sizes. The worse the 
precision (the greater the standard deviation or 
the smaller the samples), the larger is the 
probability of a type IJ error. 

(3) The true departure from the null hypothe- 
sis. The smaller the true departure (the smaller 
the true treatment effect), the larger the proba- 
bility of a type H error. 

The probability of making a type II error 1s 
usually denoted by 8, and (1 —ß) (the probability 
of not making a type II error) 1s called the power 
of the test. 

It will be seen that the power 1s quite a 
complicated quantity. Let us, to save trouble 
and thought, follow convention by choosing 
a=0°05. To find the power we still need to 
specify both the true discrepancy away from the 
null hypothesis (that is, the size of the true 
treatment effect), and also the data precision. 
This latter will involve both the inherent 
variability of the material (which is measured by 
the standard deviation) and also the sample 
sizes. For any particular level of precision, we 
can calculate the power for a whole range of 
possible discrepancies and plot the results, 
obtaining in this way a power curve. A set of 
power curves ts illustrated in the figure. These 
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Power curves po- a cial comparing two independent samples of equal size, usmg an unpaired t test The parameter nts the 


number in eack o; the groups. 


relate to an unpaired situation for the comparison 
of the mear of a treated group with that of an 
independen: centrol group of equal size. The 
points to notice are: (1) there is a power curve 
for each velie of n, the size of each of the 
samples, arc (2) the discrepancy axis is grad- 
uated in standard deviation units. 

A set of aurves such as those in the figure 
enable the clinicians to make an instructed 
choice of saxcple size. Suppose for example that 
a true mean trectment effect equal to | standard 
deviation was of clinical importance and that the 
probability of missing such a difference—of 
failing to reach the 5% level of significance 
when the tril is performed—is to be at most 
0-10 (a power cf 90%). Then the figure shows 
that the numter of patients in each group 
should be az least 25 or so. It also shows what 
power would be achieved by this sample size for 
other values cf the discrepancy. 

It will b2 seen again that there are three 
quantities tc be specified before the above 
argument can be used: the size a, the power 
required l—ß, and the discrepancy to be 
detected. What is more, the discrepancy must 
be expressec in standard deviation units— 
enough must be known about the subjects in the 
trial for a good guess at the standard deviaticn 
to be made. 

Just as a is usually taken to be 0°05 (for no 
very good rezson), so also values of B of 0-1 or 
even 0-2 are commonly used in designing a trial. 
The tacit imeclication is that it is more important 
to avoid recommending an ineffective treatment 
than it is to fail to spot one that ts actually 
effective. It is not at all clear that such an 
attitude is clways, or even commonly, appro- 
priate. 

It ıs of gat umportance to realise that the 


whole of the above discussion, including the 
concepts of size and power, has related to the 
stage of planning the trial, before any results 
have been obtained. Obviously the possibility of 
type II errors has to be taken very seriously later 
on when the results are to hand and have been 
analysed. However, the clinicians’ position vis- 
a-vis the results is now different-—they are 
known and their significance level is no longer 
subject to uncertainty. The interesting problem 
now is to specify what hypothetical situations 
might plausibly have given rise to the data. We 
no longer have to ask ‘How large a true effect 
might we fail to detect in our proposed trial?’; 
instead the question becomes ‘How large a 
treatment effect must we still consider plausible, 
now that our trial results are known?’. The 
concept of power is replaced by that of confi- 
dence. Suppose that the findings do not reach 
significance at some preagreed level; then the 
original null hypothesis is to that extent consis- 
tent with them and provides one possible 
explanation for them. But it is of course possible 
to go much farther than this. It is possible to 
work out a whole range of hypothetical true 
values of the treatment effect which are in this 
sense ‘plausibly consistent’ with the actual data. 
This range is a confidence interval for the true 
treatment effect. As well as indicating the range 
of ‘plausible’ hypotheses, the width of the 
interval incidentally provides evidence that the 
design of the trial has (or has not) been suc- 
cessful in achieving the anticipated level of 
precision. Notice that a mere report of the 
significance level achieved—let alone the bare 
statement that this level did or did not fall short 
of the magic 5%—is quite inadequate from both 
viewpoints. 

It follows from the above discussion that 
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considering the power of a proposed trial during 
the design phase is mandatory, for economic 
reasons and often for ethical reasons as well. It 
is inexcusable to embark upon an investigation, 
especially one involving animal or human sub- 
jects, which does not have a good chance of 
detecting an effect of the size which is considered 
important. This is why many statisticians 
demand that the power calculations made when 
designing the trial should be reported along 
with the trial results. But it must be emphasised 
that these calculations rank with assertions that 
the trial has been approved by the appropriate 
ethical committee, and are not of direct interest 
to the readers when they come to interpret the 
trial results. Their principal requirement at this 
stage will be a confidence interval for the true 
treatment effect, so that they can decide for 
themselves whether this effect may be large 
enough to be of practical importance in their 
own particular circumstances. 

Confusion between power and confidence 
leads to difficulties when it is desired to 
establish a negative conclusion—say, that a 
treatment has a zero true effect in terms of some 
undesirable outcome. An argument which is 
sometimes put forward runs as follows: 

(1) The trial was designed to have a small type 
I error rate 8 for a given level of significance a; 
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(2) The results of the trial were not in tke 
event significant at level a; 

(3) Therefore the null hypothesis of no real 
treatment effect can safely be accepted. 

This argument fails to stand up for several 
reasons: 

(1) The type H error rate B 1s the probability 
of failing to achieve significance for a particuBr 
non-zero size of treatment effect. At best, only 
the absence of an effect of this size could be 
asserted. 

(2) The power calculations were based upen 
assumptions about the underlying vanability of 
the data, which had yet to be obtained. These 
assumptions may not have been met-~the deta 
all too often turn out to be more variable thin 
had been expected. 

(3) The design type II error rate may have 
been as high as 0°1 or 0°2. Again at best, me 
desired assertion could only be made with tLis 
limited degree of certainty. 

As I have explained, the consideration of a 
confidence interval for the true treatment effect 
makes an approach of this kind unnecessary. 
The appropriate confidence limit shows the sze 
of the largest true treatment effect that is plats- 
ibly consistent with the data. Only if this limir is 
close to zero can the absence of an appreciable 
real treatment effect be confidently asserted. 
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The ethics of cardiopulmonary resuscitation. 
I. Background to decision making 


J M Davies B M Reynolds 


The ethics cf cardiopulmonary resuscitation 
(CPR) have been closely studied in adults where 
there has been wide experience.!! Children 
and babies have been less well studied. !#*76 
Most successful CPR of adults occurs in primary 
cardiac arrest. whereas paediatric and neonatal 
cardiac arrests are usually secondary to distur- 
bance in other systems, and the child’s heart can 
often be revived long after the brain is irrepar- 
ably dead. Is extrapolation from work on adults 
to medicel practice with infants feasible or 
desirable? 

‘Everyone who dies suffers a cardiac arrest’,'® 
the last stage in the process of dying.’ '* Prompt 
CPR from bys-anders‘ or professionals” may be 
beneficial for some, but in other cases may be 
futile,!° harmrul,!! and cruel. CPR frequently 
prolongs dying,’ °® U and occasionally results in 
a persistent vegetative state as the heart is more 
tolerant than the brain of hypoxia.’ ° Indeed 
Youngner stated that ‘CPR is so invasive and 
potentially damaging that it symbolises the 
worst excesses of medical technology’.'!* We 
have observed that CPR may be so distressing 
that parents frequently leave the room when 
their child is cying or being confirmed as dead 
by failed CPR. 


Choices 

Hospital death rates greatly exceed CPR 
rates,” > so chasces are being made but paediatric 
statistics are nct widely available. 

The apparent choice between CPR and ‘do 
not resuscitate orders is a ‘chance for life versus 
certain death’ é but the true choice may be 
between profonged,?!! ‘multiple invasive, 
painful and dehumanising procedures” versus a 
dignified deata in familiar surroundings and 
company, with adequate analgesia. 

Those ‘choosing’ CPR may often be choosing 
something tha- does not exist—the chance for 
the patien: ta live. CPR has to be started 
immediately* so any decisions must be prospec- 
tive, but inappropriate use may be inevitable in 
many situazions.! >! 

By using simple arithmetical formulas and 
clinical exampEs!* medical decision making has 
been analysed from the medical and economic 
viewpoint balancing the uncertainties of aggres- 
sive potentially life sustaining treatment and the 
greater certamties of supportive treatment. 
Paediatric and neonatal practice cannot escape 
choices resting on this balance between needs, 
outcomes, preferences, and resources. Further 
research is required regarding outcomes in 


specific subgroups as well as consensus studies 
of mformed preferences of these subpopula- 
tions. 

Prediction in critically ill adults?” has been 
very accurate regarding death and fairly accurate 
for ‘awakening’ after out of hospital cardiac 
arrest.” Predictions of death in very low birth- 
weight infants have also been studied and used 
in comparisons of medical performance.”” 


Medical and surgical complications of CPR 
All degrees of brain injury, cardiac complications 
(in particular heart failure, hypotension, and 
arrhythmias), thoracic and mediastinal injuries, 
bone marrow emboli, renal failure,” and gastric 
rupture?! are described in adults. Retinal 
haemorrhages are well recognised features of 
non-accidental injury (NAD in children,*” yet 
they may be a consequence of CPR,” * though 
some claims have been doubted.’ 

Inadvertent rib fractures may occur in 
successful CPR, but we have seen an infant 
whose parents alleged that old bruising and 
even older rib fractures were caused by their 
own resuscitation attempts which had not come 
to medical attention; most such fractures are 
due to NAI not CPR.” We have also seen 
oesophageal rupture due to NAI blamed on 
subsequent CPR: a potential for diagnostic and 
legal enigmas. Many paediatricians will have 
seen the consequence of pulmonary air leaks 
and pharyngeal or laryngeal trauma after CPR. 


Risks of transmission of HIV 

There is no evidence that contact with saliva,” 
or mouth-to-mouth resuscitation, “° has 
resulted in HIV infection; but most mouth-to- 
mouth resuscitation is given to familiars,*? and 
‘zero numerator does not necessarily mean no 
risk’.*! HIV transmission by needlestick injury 
is well recognised.” There is an increased risk 
of HIV transmission in emergency departments” 
and to health workers,** ** but studies from San 
Francisco have not so far indicated a decline in 
bystander CPR or lay training.*? The balance of 
probabilities in the case of an unknown victim 
favours the safety of CPR“; this must particu- 
larly apply to bystander mouth-to-mouth resus- 
citation of children in the UK at present. 


Brain resuscitation 
The outcome of CPR is governed partly by the 
pre-existing status and partly by the effects of 
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the arrest on the brain, ranging from death,” 


brain death,*® persistent vegetative state,* 


handicapped survival,” or intact survival.*° 

The aims of treatment are to provide rapid 
effective CPR, the control of brain swelling and 
fits, and the maintenance of normal homoeo- 
stasis. Much neuronal injury and death occurs 
after circulation has been restored, so research 
into the use of calcium antagonists, phenytoin, 
prostacyclins, free radical antagonists, and 
amino acid antagonists is proceeding. Current 
views suggest that it is premature to incorporate 
these experimental measures into clinical 
practice.*’>! Success with these drugs would 
tilt the balance towards CPR in the case of pre- 
viously normal individuals who have suffered 
irom delays in effective CPR. 


The concept of futility 
The concept of futility is well reviewed in adult 
practice.? © 8 1°!” Providing CPR for a patient 
with absolutely no chance of success is clearly 
futile, but the concept can be extended to cases 
with a probability of survival greater than, 
though approaching, zero? '° '° as it recognises 
ihe rarity of exact prediction }°'' and the 
counterbalancing medical costs to the 
patient.’° '! 1? The concept involves investiga- 
tion of, and respect for, achievable goals of the 
patient and family? 8° 1! 14 but excludes 
financial or resource considerations and choices 
between patients. '° 

Apart from medical judgments there are at 
least three other near imperatives involved in 
making decisions not to resuscitate: patient or 
family autonomy, legal and judicial opinion and 
local, temporal, or universal availability of 
scarce medical resources. 


Medical futility versus patient autonomy 
There are limits to a doctor’s obligation to meet 
a patient’s request for specific interventions and 
the risk of a ‘slippery slope’ of inappropriate 
requests. There needs to be ‘a modicum of 
potential benefit as seen from the medical 
perspective’.°” Although Brett and McCullough 
did not specifically discuss CPR, their analysis 
and guidelines have become a benchmark for 
dealing with aspects of this problem in 
adult® ® © ?5 16 53 and paediatric practice.** 

Patients may suffer when autonomy over- 
rules the medical judgments of the futility of 
CPR? °!! and these differences of opinion 
require further discussion to reconcile realistic 
goals of the doctor and patient or family, as 
there may be a trade off between quantity and 
quality of survival.°° 

Patients and families who are offered treat- 
ment are not accustomed to turning it down and 
usually assume there must be benefit.® ?! 
Therefore futile CPR should not be provided as 
a ‘high technology placebo’ in hopeless cases,° it 
should not even be offered,° '° '' though there 
should be full discussions,’ 17 which must be 
sensitive!® and realistic,'*-'® so better forms of 
communication and management may be 
required. 

There is a need for informed consent and 
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autonomy when true choices exist and an effec- 
tive social dialogue to ensure a shared under- 
standing of ‘what counts as a reasonable chance 
for worthwhile benefit relative to an acceptable 
risk of harm’.'° 


Legal aspects 

After the death of baby Jane Doe in Bloomington, 
Indiana in 1982, new legislation and bureaucracy 
was introduced in the USA to ensure that all 
newborns receive maximal life saving treatment 
except where there is irreversible coma, where 
death would merely be delayed, or where 
such treatment would be futile or inhumane. 
Baby Doe’s parents, with the concurrence of 
her physicians, had refused consent for possibly 
life saving alimentary tract surgery on the 
grounds of handicap by Down’s syndrome. 

The legislation has been well reviewed from 
both the legal and medical?! angles, with 
significant reservations about the effects and 
design of the laws, though no actual cases are 
quoted. 

Withdrawal of CPR might diminish potential 
or actual extension to life, but should not 
inevitably be opposed by the courts or jeopardise 
the physician responsible for good well docu- 
mented medical care and judgments,’ *” and 
this opinion was upheld in the case of baby L 
whose doctors refused in court to continue futile 
treatment with repeated CPR after profound 
acquired brain damage. Restraint may some- 
times be advisable in the face of parental request 
to ‘do everything possible’ .** 

Conversely a Grand Jury indicted for man- 
slaughter the parents of a child who died after 
they refused bowel surgery in favour of faith 
healing.*® 

Consultant paediatrician, Leonard Arthur, 
was charged with, but acquitted of murder after 
prescribing dihydrocodeine before the death of 
a British baby with Down’s syndrome.*? ® In 
another case the Court of Appeal ordered life 
saving surgery in 1981 after the parents had 
refused treatment for their baby with Down’s 
syndrome. !? 

A doctor in Scotland in 1987 was accused of 
failure to provide CPR in the case of a neonate 
that he considered was not viable because of 
extreme prematurity.°! He was acquitted but 
admonished for poor communication. 

In the case of a multiply handicapped ward of 
court, baby J, who had undergone repeated 
CPR, the Court of Appeal in 1990 ruled that 
‘the court is entitled in the best interests of the 
child to say that deliberate steps should not be 
taken artificially to prolong its miserable life 
span’ and there should be no absolute rule ‘to 
preserve life at all costs’, but they should not set 
down ‘an all-embracing test since the circum- 
stances of these tragic cases are infinitely 
various’ so that ‘the issue in these cases is not a 
right to umpose death but a right to choose a 
course of action which will fail to avert death’.©” 

Scottish, English, and American law all 
differ, but British courts should make decisions 
in medical cases on the basis of medical evidence 
with the intent of supporting good medical 
practice. Unfortunately, bad legislation is more 
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often the consequence of difficult cases, pressure 
groups, and pérty politics. 

Except where the infant is a ward of court, 
going to court ought to be the last resort, 
because ccurts are not the appropriate place to 
resolve the agcnising problems that underlie the 
‘right to die’ cases.” The clumsy involvement 
of the judiciary and legislature in ‘distant ethics’ 
of difficult paediatric and neonatal problems is 
due to the failure of paediatricians to grapple 
with ‘close up ethics’ of individual professional 
relationshi>s with distraught parents.” 

The American Medical Association in April 
1991 publshed guidelines regarding the use of 
do not resascizate orders, but did not consider 
children or the role of parents.’ However, the 
Critical Cere Society has recently spelled out 
its views on withdrawing life support in the 
critically il., wth particular reference to paedia- 
tric prob.ems. 4 They recognise parental 
pre-eminence in decision making with a com- 
mensurate role for the older child,” but reject 
the full applicetion of the baby Doe regulations 
as being ethica ly unjustified. 

On 1 December 1991 the Patient Self 
Determinanon Act came in to force in the 
USA. This defines the status of, and 
requirement fer, advance directives with regard 
to life Sustaining therapies including CPR. Both 
concern® and cautious welcome® have been 
expressed, but the effects on paediatric practice 
may be mazginal. 

Where <here is time, decisions regarding 
prolongaticn of dying should preferably be 
taken by s2nior doctors!® !° 74 © acting within 
the law after appropriate discussions and con- 
sultations m individual cases, rather than by the 
courts. Each decision must be documented and 
notified and communicated to any staff attending 
a cardiopu_menary arrest. It is unfortunate that 
the parliamentary health service commissioner 
has needec to become involved in the problem 
of CPR in haspital,°’ * which is essentially a 
medical resporse to medical indications. 


Summary 

Futile cardiopulmonary resuscitation (CPR) 
may prevent humane care of the dying child and 
deprive parents of the opportunity to express 
their love, grief, and dedication at a critical 
moment, while appropriate and successful CPR 
may restore intact their child. Attempted resus- 
citation of corpses or children with terminal ill- 
ness indicates inadequate knowledge, discrimi- 
nation, anc decision making. CPR is a medical 
procedure applicable to certain medical prob- 
lems; weighing up the risks and benefits in each 
individual zase is a medical function that is con- 
strained by the law and must take full note of 
patient and family preferences, but cannot be 
governed by them and should not be over-ruled 
by laws based on complex but different cases. 
Time limits an occasions may curtail the full 
process of corsultation and decision making. 
Applications c= skills and resources in the right 
ume and place requires understanding of the 
medical logistics and study of the potential for 
good outcome. 
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The ethics of cardiopulmonary resuscitation. 
II. Medical logistics and the potential for good 


response 


J M Davies, B M Reynolds 


Cardiopulmcrarv arrest in a child or infant with 
a good capac.ty to respond needs to be matched 
by the time availability of appropriate per- 
sonnel and facilities. The provision of finance, 
adequacy of skill levels, hours worked, and 
sites covered >y young doctors and the sumul- 
taneous demzends made on staff in an emergency 
may all imprge on the availability of cardio- 
pulmonary resuscitation (CPR) in hospital. 
Bystander CPR! and general practitioner’ and 
paramedic services? may also be relevant, while 
studies of omfcomes in specific subgroups of 
children may 2nable better targeting of resources. 


Economic aspects 

Medical resources will inevitably continue tc 
decrease in r2.ation to demand and need* ° so 
allocation ani rationing is unavoidable.® Yet 
$16 million wes awarded to a patient in Florida 
who sustained brain damage while nurses in a 
ward short of staff were busy attending to three 
other patients. 

A considerable excess of nocturnal perinatal 
mortality, ncted in Lausanne in 1986, was 
partly attribused to reduced staff numbers, 
deterioration in medical functioning, and diffi- 
culty in organising resuscitation services at 
night. Mildred Stahlman pointed out ironically 
that ‘the cheapest baby is a dead baby and the 
quicker the cteaper if death is inevitable’.” 


Skilled medical availability 
The availabili-r of skilled paediatric staff varies 
considerably in different districts and regions of 
tae UK.'®'* 3ome maternity hospitals have 
tiers of resident paediatricians, some with 
several years’ experience in the specialty,’? *’ 
while others rely on general practitioner (GP) 
trainees on six month contracts with no previous 
experience to d-ovide on site neonatal resuscita- 
tion.!° !? Marry of these GP trainees work a one 
ın three rote out of hours and many are 
supervised by consultants who are not on site 24 
hours per day 365 days per year!® '! 3; many 
simultaneousil cover emergency departments; 
children’s warcs and baby units, being on call 
up to 80 to 100 hours per week and with con- 
tinuous spells cf duty of up to 80 hours. Many 
consultant paediatricians still work in units with 
inadequate intermediate staff and make fre- 
quent out of heurs calls to assist junior staff. 4 

A total of 19% of hospitals surveyed in 
Canada in 1587 had to summon help from 
outside the hospital if neonatal resuscitation was 
required.!° 

Recommenced requirements for neonatal 


resuscitation services include someone skilled in 
neonatal resuscitation being present at every 
delivery,'® or always in the maternity unit,!” or 
the doctor responsible for resuscitation being 
accompanied by a doctor skilled in resuscita- 
tion until competence is achieved,!* or a doctor 
skilled in resuscitation present at all ‘high risk’ 
deliveries.” Applying such a criterion!? to a 
review of deliveries at a district general hospital 
in Sheffield”? in 1984 would have required an 
‘advanced resuscitator of the newborn’ to 
attend about 40% of all deliveries, though well 
under 1% of term infants had an Apgar score of 
3 or less. 

Surveys, of British house officers’ skills?!-?3 
and retention of skills,” have consistently 
shown inadequacy at CPR. Surveys of ‘office 
pediatricians’ in the USA have shown inade- 
quacies in relation to paediatric CPR.? *° 76 
Similar surveys of training and equipment for 
American paramedics showed deficiencies in 
relation to children.? 

Two hundred and one out of 367 British GP 
trainees felt incompetent to intubate a baby 
after 6 months’ obstetric training?” and another 
assessment of their training in paediatrics made 
no reference to resuscitation skills*; indeed the 
relevance to general practice of experience in 
neonatal and much hospital paediatric practice 
has been questioned.”? 

There may now be too few babies requiring 
intubation in many sizable maternity units to 
allow useful house officer experience to be 
gained if the more difficult intubations which 
need a very skilled operator are excluded,'? so 
that away from university centres doctors skilled 
in newborn resuscitation may be a relatively 
scarce resource in the UK in hospitals where 
middle grade staff are not employed.!° '! !? For 
example, there were 3111 deliveries in Grimsby 
Maternity Hospital in 1990 and a consultant 
paediatrician, in general, attended deliveries of 
babies 32 weeks’ gestation or less where skilled 
intubation is frequently needed. Yet during a 
six month period only six other babies required 
intubation, nowhere near enough for four 
inexperienced house officers to become adept 
even by the end of their six months. In theory, 
however, they were liable to be predictably 
called for between 1000 and 1200 deliveries per 
annum at all times of day or night, in addition to 
calls to unpredictable problems. Imbalances in 
paediatric staffing in the UK ensure that a sub- 
stantial number of babies may not have access to 
instant skilled resuscitation, which may have 
tragic and expensive consequences. Midwives 
or neonatal nurses who usually stay longer in 
post than most young doctors may be a better 


A 


source of skilled resuscitators,!? !5 7° 7! but it 
may be necessary to reward those nurses with 
the skills. 


Withhoidmg CPR in neonates 

There is consensus that withdrawal of intensive 
care and CPR may be considered in selected 
neonates??? due to specific congenital malfor- 
mations,” *” in infants with severe brain 
damage and extreme prematurity’; other 
justifications have included renal necrosis, 
bronchopulmonary dysplasia, and failure to 
respond.** Ethics committees”? and recourse to 
the law” *° are not recommended by British 
paediatricians to solve these problems, but 
‘compassion, humility and courage’ are required 
by the doctor.*? 

Whitelaw considered ‘near certainty of death’ 
or ‘no meaningful life”? as criteria for non- 
treatment and had he been able to predict the 
outcome in some of the worst of his multiply 
handicapped survivors he would have advised 
non-treatment. Such decisions must stand up to 
the most rigorous scrutiny” and Dunn said he 
would take the initiative in advising non- 
treatment, but if the parents disagreed after full 
discussion, he would continue full support. *” 

Failure to establish respiration by 20*° *! to 
30** minutes of age is usually a bleak sign after 
birth asphyxia and may be considered an 
indication for cessation of treatment.” ** There 
are many major uncertainties, however, regard- 
ing neurological prediction in newborn care.4*~*° 

Modern methods of brain investigation 
including evoked responses, computed tom- 
ography,*’ radionuclide imaging, cerebral 
blood flow Doppler studies,*? magnetic re- 
sonance spectroscopy,” intracranial pressure 
monitoring,” and two dimensional ultrasound”? 
have increased our knowledge of pathological 
anatomy and physiology and may allow out- 
come predictions with varying degrees of re- 
liability, particularly in the worst cases. 

Withdrawal of treatment due to extreme 
prematurity must depend on the prospect of a 
successful outcome for the given maturity and 
pathology of the baby, in that unit or elsewhere. 
There is evidence that different units have 
different definitions of live birth as opposed to 
abortion at very low gestation,°*°> so that not 
only is initial assignment for possible treatment 
variable but statistics may be distorted*®: there 
seems to be a secular trend in these respects.’ 58 
Recording total perinatal wastage might address 
this problem.” At present, obstetricians may 
try to ensure that pregnancies with a potentially 
good outcome deliver in the labour wards and 
allow abortions to occur in the gynaecology 
wards,°° where CPR is not routine, so their 
decisions have a major impact on viability. 


CPR in the labour wards 

Significant birth asphyxia may manifest as Apgar 
scores 0 to 3. Babies with an Apgar score of 4 or 
more should, in most cases, respond to basic 
CPR, whereas those with an Apgar score of 1 to 
3 often require intubation for a good result. An 
infant with Apgar score of 0 if not resuscitated 
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becomes a fresh stillbirth with no handicap. 
Review of resuscitation of 126 babies with an 
Apgar score of 0 showed 48 survivors but only 
24 were normal at follow up and nine had severe 
handicap,” # © 6! şo resuscitators must 
appreciate that treating babies with an Apgar 
score of 0 has definite risks. 


CPR in the neonatal intensive care unit 
Two large series reporting the outcome of CPR 
in a neonatal intensive care unit showed 11 
survivors, out of 133 infants, with four 
apparently normal.” © Cardiac arrest is usually 
a terminal event in very low birthweight infants 
receiving full intensive care and CPR may be 
considered futile unless the arrest is very brief 
or associated with a blocked or misplaced 
endotracheal tube or the need for intubation.°? 
Failure of CPR or decisions to terminate 
treatment may result in varying combinations of 
bereavement, guilt, and anger. As well as the 
short term anguish, long term psychological 
distress is quite common but can be minimised 
by various strategies which have been well 
reviewed recently.™ 65 


Paediatric CPR 

Apart from very rare acute arrhythmias, cardiac 
arrest is usually terminal in children and where 
possible better prevented than treated. Certain 
severe conditions may herald incipient prearrest 
such as acute epiglottitis, obstructed airways, 
severe hypovolaemia, diabetic coma or adrenal 
crisis, tension pneumothorax, haemopericar- 
dium, and anaesthetic mishaps. 

Prompt treatment of the primary cause plus 
pulmonary and circulatory resuscitation may 
abort a cardiac arrest, but once it occurs the 
prognosis is frequently grim, © and not much 
improved by transfer to hospital, ©? though 
acute respiratory problems such as smoke 
inhalation, drowning,” 7° and choking may 
respond well to expeditious and competent 
CPR. & In hospital the outcome for respira- 
tory arrest is better than for cardiopulmonary 
arrest.”! ’* Where cardiac arrest occurs, despite 
increasing supportive care, the outcome is usually 
proportionately poor,” and a poor outcome is 
likelier with prolonged or delayed CPR® and the 
need for drug treatment.! 72 74 


Paediatric drowning 

Review of four series of children brought to 
emergency departments apnoeic and pulseless 
after drowning showed 20 dead children, 20 
severely damaged, and no intact sur- 
vivors.' °’ 7> 76 In contrast, bystander CPR was 
followed by 19 deaths, 23 cases of brain 
damage, and 88 intact survivors out of 130 
children. Bystander CPR may be unnecessary in 
milder cases, is more timely in more serious 
cases, and acts as a triage in the worst cases. 
Twenty of the 23 children with severe brain 
damage were in fact resuscitated in hospital, 
though occasionally remarkable survival 1s 
described,’° and CPR should not be abandoned. 
in nearly drowned children until they have been. 
rewarmed.’” 
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More research is needed into preventing 
immersion, parental training in CPR for those 
at risk, and the medical management of 
drowning. ”® 


Near-miss sudden infant death syndrome 

The risk of sudden infant death syndrome 
(SIDS) is greater after near-miss SIDS”? and 
hospital adm _ssicn is indicated.*° Parents should 
be provided wita a monitor, taught CPR and 
given suppo-t,®! although SIDS continues to 
occur in the “ace of these measures.®? It may be 
possible to identify subgroups at particular 
risk. 


Cardiac arrhythmias 

The long QT syndrome may be lethal,* is 
rare, but mav respond well to electrical 
treatment, 86 drugs,” * or surgery.® ® Other 
causes of serious ventriculàr arrhythmias and 
cardiac arrest in children include drugs®? ” and 
cardiac tumours.” Although these arrhythmias 
are rare, doctors need to be aware of the 
possibility of, amd means to achieve, a good 
prognosis anc parents of children at risk should 
be taught CPR.”! 


Summary 

Mismatches between provision of paediatric 
cardiopulmorary resuscitation (CPR) and 
potential to Eenefit are examined. Deficiencies 
ere most likely to occur in peripheral maternity 
units but frtde CPR is more common in 
emergency departments where the child is 
unknown. Decision making in individual cases 
is best retained by the medical profession for 
the sake of the child and family. American 
style intervention by the legislature is likely to 
dissipate scarce resources and perhaps harm 
infants not capable of benefiting. 
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As maturaticr cennot always be related directly 
to chronological age, the parameters of adole- 
scence are dif-icult to define. In general terms, 
the period 1)-20 years provides useful bound- 
aries and incorporates the transitions from 
childhood to acolescence and adolescence to 
adulthood. adolescence is a relatively healthy 
time compared with other age periods, but 
although mo-badity and mortality are low, 
young peopl= present a wide range of medical 
and surgical cisorders, psychiatric disturbance, 
sexually related problems, and the consequences 
of risk takinz behaviour. While their health 
needs are met principally at primary care level, 
adolescents requiring medical and surgical care 
in hospital present complex and controversial 
problems. “or:dwide, there is still limited 
recognition > the special health care needs of 
this age group. although there are increasing 
numbers of children with chronic or life 
threatening diseases surviving into adolescence. ! 
In addition, although the demographic trend in 
western society suggests that the numbers of 
children and edclescents will fall,’ there is likely 
to be grow.mg recogntion of the social and 
economic inzporzance of the health of teenagers. 

Very few all adolescent units and associated 
services hav2 been set up in the UK, with the 
exception of those within the psychiatric service, 
established segionally since the late 1960s.’ 
Generally, ecolescents continue to be nursed 
with either culs or children, and both settings 
may provide unsuitable facilities. In this respect, 
a successior of recommendations, made over 
the last 30 yzars,*’” has been largely ignored, 
despite the considerable number of adolescent 
admissions. In Glasgow, for example, inpatient 
admissions azed 12-20 years, in 1988, repre- 
sented 12% ef -he estimated adolescent popu- 
lation of tte Greater Glasgow Health Board 
area.® Those ad-nitted to the Royal Hospital for 
Sick Children <RHSC) comprised 8% of the 
total admistinn3, increasing slightly to 9% in 
1990.? Similarly, 9% of admissions to general 
hospitals in '990 were adolescents (information 
from the Management Information Services 
Unit, Stobh-L General Hospital, Greater Glasgow 
Health Board, 1990). 

The general failure to implement recom- 
mendations for improving adolescent healzh 
care and the increasing numbers of hospitalised 
adolescents provided the impetus for a descrip- 
tive study (1990), in Glasgow, of the psycho- 
logical, sodu, and environmental needs of 
adolescent Hpatients at RHSC.' The findings, 
which provide empirical evidence of the con- 
tinuing need to improve adolescent health care. 


constitute the framework of this review. Ad- 
ditionally, consideration is given to the underly- 
ing reasons for delay in supporting change. 


Review of recommendations 

Recognition of the need for change in adolescent 
health care has been expressed for many years, 
commencing in 1959, with the Platt report.* 
Recommendations included, for example, the 
desirability of separate accommodation for 
adolescents, and the suggestion that teenagers 
should not be able to overhear potentially 
upsetting adult patient conversations. In 1976, 
the Court report recommended that staff caring 
for adolescents should have enhanced training 
to help them meet young people’s needs, 
although special care was regarded as unneces- 
sary.” Adolescents’ educational needs have also 
been considered,'® '! although Warnock pointed 
out that education is a ‘right’ and is ‘desirable’ 
in hospital, but is not a legal requirement. !” 

In 1985, the British Paediatric Association 
made detailed recommendations concerning 
accommodation, education, and transfer to adult 
services, while also pointing out some of the 
problems inherent in nursing adolescents with 
either adults or children.® It was suggested that 
a special ward for teenagers would be beneficial 
because their developmental needs were of 
greater importance than their ‘system specialty’ 
disorders. Issues such as the need for privacy 
were addressed, as were facilities for recreation 
and education, including suggestions that there 
should be rooms where youngsters could be 
noisy or quiet. It was argued that transfer to 
adult services should involve consideration of 
levels of maturity, the wishes of the youngster 
and local arrangements, rather than rely simply 
on age. The unsuitability of paediatric wards 
was discussed, highlighting the potential feelings 
of frustration and embarrassment felt by adole- 
scents who were nursed with children. Adult 
wards were regarded as equally unsuitable for 
teenagers, whose anticipated ‘childish’ behaviour 
was likely to be unacceptable to many adults, 
and, in particular, being nursed with adults 
with degenerative diseases was considered in- 
appropriate. 

The World Health Organisation has contri- 
buted to the recommendations about adolescent 
care.’ |? In 1986, for example, it suggested that 
adolescents might be uncomfortable with staff 
used to dealing with children and that, generally, 
adult wards were insensitive settings for this 
group.” Special training for staff working with 
adolescents was advocated, because it was felt 
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that the communication skills and attitudes of 
this staff group were of crucial importance. 
Several professional bodies, including the Royal 
College of Nursing,'* ° supported the concept 
of separate wards for adolescents, set apart from 
those for adults or children. More recently, the 
National Association for the Welfare of Children 
in Hospital! (renamed ‘Action for Children’ in 
1991) made explicit recommendations for the 
hospital care of adolescents and these are 
supported by the Department of Health.'® 
There appear to be several reasons for the 
failure to implement many of the recommenda- 
tions. Firstly, inadequate staff training, con- 
cerning the special needs of both healthy and 
sick adolescents, stands out as an issue of 
overriding importance and means that teenagers 
are not acknowledged fully as a distinctive 
patient group. 1—4! Although their medical needs 
are met, there has been a widespread failure to 
develop services and expertise for their psycho- 
logical welfare.” The fact that only a small 
number of adolescent wards has been estab- 
lished,?? outside psychiatry, has contributed 
significantly to the relative unavailability of 
opportunities for theoretical and practical 


A second group of reasons concerns change in 
the pattern of care delivery and all the impli- 
cations of acknowledging another category of 
patients. This would involve, in particular, 
additional funding requirements and generate 
uncertainty about optimum staff deployment. 
The establishment of separate accommodation, 
for example, could result in the reduction of 
patient numbers in other wards, with the 
possibility of consequent staff reallocation 
depending on their interest in adolescent health. 
Attitudes towards adolescents as a group can 
often be negative and if a perceived threat, such 
as the transfer of patients from one ward to 
another, is added, it would not be surprising if 
medical and nursing staff lacked motivation for 
change. Further, the introduction and imple- 
mentation of new training programmes could 
incur significant financial and manpower 
cansequences. 

Despite the plethora of recommendations, 
there has been little systematic research provid- 
ing evidence about the merits of special services 
for adolescents. It may have to be accepted that 
many of the more costly recommendations will 
not be implemented until it is demonstrated 
that meeting the emotional and social needs of 
hespitalised adolescents actually enhances their 
medical outcome, as well as reducing expendi- 
ture. However, there is a growing body of 
medical and nursing staff who are interested in 
adolescent health, and it is possible that the 
opportunities for service reappraisal, associated 
with NHS reform, may create the climate for 
innovative change. 


Shortcomings and solutions in a paediatric 
setting 

Although the findings of the RHSC study 
cannot be generalised, it is likely that some or 
all of the shortcomings may occur in other 
paediatric settings. The solutions to the 
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problems have different resource implications 
and are grouped accordingly. The present 
review 1s not concerned with the quality of 
technical nursing and medical treatment. 


MINOR RESOURCE IMPLICTIONS 

Many deficiencies are likely to be remediable 
using minimal resources, and should be con- 
sidered even if funding is insufficient for more 
far reaching modifications. 


Gutdelines for adolescent patients 

Adolescents are often unsure of what they are 
allowed to do in hospital and may be repri- 
manded for what they regard as normal 
behaviour.’ In this context, printed guidelines 
or ‘house rules’, setting out the limits for 
acceptable behaviour, would be beneficial. 


In-service trating 

In general, paediatric staff are not kept up to 
date specifically with progress in adolescent 
health care. In-service training provides a valu- 
able medium for this purpose and could take the 
form, for example, of a regular multidisciplinary 
forum. 


Communication 

Some paediatric staff and adolescents experience 
difficulty talking openly and comfortably to 
each other; for example, teenagers often resent 
being spoken to as if they are either adults or 
children.’ Such difficulties may perpetuate 
unresolved adolescent worries about being un- 
well or suffering pain.' It is essential, therefore, 
that staff dealing with adolescents should be 
trained to communicate effectively with them.** 
Adolescents have a right to be considered and 
responded to according to their maturational 
stage, thereby fostering the mutual trust that 
forms the basis of a therapeutic relationship.” 


Recognition of social and recreational needs 
Boredom can be a major problem for hospitalised 
adolescents, particularly those with chronic 
conditions,’ and activities in children’s wards 
are likely to be considered inappropriate. Peer 
company is essential, but is often lacking, 
especially in children’s hospitals, because adole- 
scents tend to be scattered in small numbers 
throughout the specialist wards.’ A centrally 
arranged youth group can provide a valuable 
opportunity for teenagers to meet, providing 
the nursing staff are well informed about its 
existence and function.’ 


Independence 

Adolescents may be restricted unnecessarily by 
hospital policies geared appropriately for 
children. Public telephones, for example, may 
be inaccessible because they are outside the 
wards, which patients are not allowed to leave 
unaccompanied.' This limitation may increase 
the sense of isolation often experienced in 
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hospital, yət could be easily remedied, for 
example, by tne nstallation of mobile telephones. 


Privacy 

Every patien: has the right to privacy, but this 
may tend tc be neglected when adolescents 
are nursed with children.* In the absence of an 
adolescent ward with appropriate structural 
provision cr privacy, teenagers should be 
accommodated in individual cubicles. Although 
one of the main functions of a cubicle is to 
accommodate resident parents, under some 
circumstanzes, adolescents’ needs may be para- 
mount.’ E”en when this is not possible, privacy 
during washing and bathing, or during medical 
examination. should be maintained scrupulously 
by the use o: adequate screening. 


Consent 

Staff used to dealing with children or with 
adults may lack awareness of adolescents’ precise 
legal rights whan considering consent to treat- 
ment.’ Ad>lescents have the right to consent, if 
considered mazure enough to understand the 
implicatiors of intervention, but in practice, it 
is usually the parents who are asked to agree to 
treatment end adolescents are rarely involved in 
the process. 


MODERATE RESOURCE IMPLICATIONS 


Hospital peltstes 

Policies set for children, concerned for example 
with restrictions on television viewing, may be 
quite inappropriate for adolescents’ and need 
radical reaprra:sal and appropriate modification. 
However, scm:2 decisions can be controversial; 
for exampl. although ward kitchens are appro- 
priately out >f bounds to children, there may be 
mixed feelings among paediatric staff about 
unsupervised edolescent access to these areas, 
until appropriate safety provisions have been 
introducec. 


Medicine adzninistration 

Many hospitalised youngsters have chronic 
conditions cecuiring regular medication, for 
which they may have assumed considerable 
responsibiity at home, although this is denied 
them in hoszital.' Such inconsistency in expec- 
tations of responsibility and independence can 
be confus at this umpressionable stage, so 
modification in the current regulations covering 
medicine acm-nistration should be considered, 
encouraging self care by giving selected teen- 
agers som responsibility for self medication in 
hospital. }Jevertheless, despite possible psycho- 
logical and economic advantages,” this would 
require difzicult decisions concerning policy 
change at >oth hospital and health board levels. 


Noisy and quiet facilities 

Limited re:reational accommodation in most 
paediatric wards can result in adolescents being 
told to mak- less noise or having no opportunity 
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to be alone. Whether in a separate ward or with 
children, adolescents need space for their own 
activities, and every effort should be made to 
create such facilities. 


Education 

The importance of continuing education and 
the lack of appropriate educational facilities are 
not always recognised by paediatric staff, 
although both issues are likely to cause concern 
for teenagers and parents." Education is vital 
for hospitalised adolescents and although diffi- 
culties exist, for example teaching small 
numbers in separate wards, these could be 
overcome by grouping all adolescents together 
whenever possible. 


MAJOR RESOURCE IMPLICATIONS 

Major changes will have serious implications in 
terms of funding, manpower, staff deployment, 
and structural change. 


Professtonal training 

Health care professionals of all disciplines are 
likely to have limited awareness of the psycho- 
logical and social needs of hospitalised adoles- 
cents. Consequently, they are unable to recog- 
nise and meet their requirements. !? 7° 72 27 28 
Basic training should incorporate a thorough 
understanding of the maturational needs and 
problems of healthy and sick adolescents. 


Adolescent wards 

The accumulated evidence suggests that adoles- 
cents dispersed in adult and paediatric wards 
may be disadvantaged.* ©’ }° '®* A strong case 
can be made, therefore, for them to be accom- 
modated in purpose designed wards, away from 
younger children or adults, with day to day care 
provided by nurses with specialised adolescent 
training. Locally devised policies would deter- 
mine whether all or selected adolescents could 
be admitted to such wards. Many benefits could 
be derived from such a development.' Staff 
training could be implemented and enhanced, 
ensuring a nucleus of staff with the specialised 
knowledge required to care for adolescents. 
Independence and self care could be promoted 
and maintained; there would always be peer 
company and education would be facilitated. 
However, potential difficulties include the im- 
plications of combining patients requiring 
specialised nursing skills and the concentration 
of mentally disordered, non-compliant, or 
seriously ill patients. An overriding adverse 
perception may be that adolescents are more 
difficult to control as a group than they are in 
smaller numbers. ` 


Transfer to adult services 

The inevitable transfer of adolescents from 
paediatric to adult services is a complex and 
potentially stressful issue, raising important 
questions about its optimal timing and manage- 
ment. Preliminary discussions with adolescents 
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and their parents could help to bridge the 
professional gap between paediatric and general 
medical services. This should be initiated more 
than one year before transfer is due in order to 
assist the youngster and family in coming to 
terms with the enforced break with familiar 
staff and environment and to influence any 
preconceived doubts about adult wards. 

Joint clinics between paediatricians and 
medical staff from general hospitals need to be 
established in most specialties, gradually intro- 
ducing new personnel and explaining the neces- 
sity for change. However, the geographical 
locations of some hospitals and existing commit- 
ments of senior medical staff involved are likely 
to necessitate considerable reorganisation. 


Conclusion 

There are undoubted deficiencies in the pro- 
vision of the optimum hospital setting for 
adolescents. Although it is customary to high- 
light the adverse effects of care in adult wards, 
research referred to in this review indicates that 
the paediatric setting 1s also not immune from 
criticism. Difficulties can be identified readily 
and many defects that impair the experience of 
adolescent hospitalisation are rectifiable without 
major funding. 

At a time when holistic patient care is at the 
centre of NHS reforms, the psychological and 
social aspects of the medical and nursing care of 
adolescents in children’s wards and hospitals 
can no longer be neglected. There is no justifi- 
cation for managers, educationalists, and prac- 
titioners of all disciplines, working in paediatric 
settings, to overlook the shortcomings of staff 
training or the adverse effects of environmental 
deficiencies and outmoded operational policies 
on the quality of adolescent health care. While it 
could be argued that a comfortable, age appro- 
priate environment with peer company will not 
necessarily have a direct influence on medical 
outcome, there is little research evidence on this 
issue. Nevertheless, there are some indicators of 
benefits—for example, facilitating pain relief by 
reducing anxiety caused by noise or lack of 
privacy.’” 7° This illustrates the way environ- 
ment and appropriate accommodation may have 
direct impact on actual medical outcome, with 
the added benefit of reduced costs, resulting 
from shortened stay. 

While full acceptance of the necessity for 
major change may await evidence of the benefits 
in economic terms, fundamental decisions have 
to be made about the proper locus of responsi- 
bility for the care of hospitalised adolescents. 
The current climate of change in the NHS 
provides opportunities that should not be 
missed for innovative developments. There 1s 
sufficient evidence already for health care pur- 
chasers to lay down a blueprint for adolescent 
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Services and the providers should ‘grasp the 
nettle’. 
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Factitious illness: recognition and management 


D M Emarcsoa, R J Postlethwaite 


Abstract 

An anafysis of Munchausen syndrome by proxy 
is proposed which involves a categorisation 
of parental -ehaviour in terms of desire to con- 
sult and ab_lty to distinguish the child’s needs 
from parercts’ own needs. The Munchausen 
syndrome >y proxy case is proposed as one 
extreme of a much broader and commoner 
group for which the term factitious illness is 
used. An oatline of assessment and investiga- 
tion is given, applicable to all degrees of 
factitious ilness, together with a model of 
collaboratina between paediatrician and child 
psychiatrist. The role of the child psychiatrist 
is described Collaboration results in a broader 
analysis of the situation which facilitates 
understanciag and points the way to appro- 
priate intervention. 


(Arch Dis Citd 1992,67:1510-6) 


Munchauserm syndrome by proxy has received 
considerab € attention recently as it is recognised 
to take its plece among other forms of child 
abuse.’ Tte paysical and emotional harm that 
abuse causes children has been amply demon- 
strated,” and -ecent work suggests significant 
co-morbidit; m siblings of children suffering 
Munchausen syndrome by proxy.* A vast litera- 
ture exists of different ways of poisoning, 
suffocating, or otherwise damaging children in 
order to procuce symptoms for health care 
professiong& to investigate and treat. This 
literature gives a strong sense of the horror and 
confus:on of paediatricians who patently 
pursued what they thought were ‘real’ symptoms, 
only to rea_ise slowly that parents were ‘tricking’ 
them. 

This sense of horror and fury is similar to that 
which adult physicians first felt when meeting 
patients w.th Munchausen’s syndrome and was 
recognised by Asher* and discussed by Taylor.’ 
It was net ava-:n when physical and sexual abuse 
of children were first recognised. We believe 
these emozions arise when a transaction occurs 
that seems to break all the unwritten rules of 
contact ketween parents or patients and 
physicians. Such unwritten rules are, for 
example, tat patients (parents) are telling the 
truth zs they see or experience it or that parents 
generally do their best for their children. It also 
happens ahen doctors have no framework 
within wh.ch zo understand the behaviour they 
see. This peper attempts to provide a framework 
within wh.ch ~his behaviour can be categorised. 
It is hopec het this categorisation is a precursor 
of greeter 2 iderstanding and will lead eventually 
to beter strategies for treatment and remedia- 


tion, as has occurred with physical and, to some 
extent, sexual abuse. 

Cases ın which parents have actively procured 
symptoms (that is true Munchausen syndrome 
by proxy) are rare. Far more common are cases 
where the mother has merely invented an 
illness story for the child without resorting to 
direct physical action to procure it.” These 
cases, however, will tend to be presented only 
with invented histories, thereby making the 
medical profession carry out physical investiga- 
tions and arrange hospital admission and further 
tests. These two groups of patients with illnesses 
procured and invented form part of the even 
larger group of children who are presented with 
very exaggerated symptoms. All these children 
suffer from what we believe it is helpful to call 
factitious illness. This term incorporates 
Munchausen syndrome by proxy within a spec- 
trum of abnormal and excessive health care 
seeking behaviour.’ ° We believe this term is 
more explicable to clinicians and is useful in the 
categorisation of a wide group of patients. We 
suggest that it is vital to delineate the parents 
and children who suffer factitious illness in 
order to minimise the physical and psychological 
impact of repeated investigations. 

In this paper we suggest that an understanding 
may be gained if the parent and child behaviour 
is examined under three headings. First, it is 
helpful to recognise that in addition to being in 
the hinterland of child abuse, we are studying a 
behaviour. parents’ consultation with profes- 
sionals. This serves to remind us that profes- 
sionals’ behaviour is not irrelevant (discussed 
further below). There are two further aspects of 
parents’ behaviour which it is useful to examine. 
Consultation behaviour may be studied as part 
of a range of responses that parents make to 
symptoms ın their child: this is discussed in 
section A and represented diagrammatically in 
fig 1. Finally, this behaviour may be looked at 
another way, in terms of parents’ ability to 
distinguish their child’s need from their own. 
Factors affecting parents’ abilities are discussed 
ın section B. These two categorisations are then 
combined in fig 2. 


Section A 

THE FIRST DIMENSION—APPROPRIATENESS OF 

PARENTS’ DESIRE TO CONSULT 

The range of health care seeking by parents for 

their children is represented in fig 1. 
Professionals recognise a range of normal 

consultation behaviour by parents (points 4, 5, 

6). Sometimes (commonly) parents and pro- 

fessionals are in almost complete agreement 
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about the need to consult (point 5). A ‘normal 
range’ of health care seeking, however, also 
encompasses a group of parents who exhibit 
more anxiety than their doctor. This might 
manifest itself as frequent attendance at general 
practice for trivial or mild symptoms, punc- 
tulious adherence to treatment, and frequent use 
of medication (point 6). Another variety of 
normal health care seeking behaviour describes 
parents who are less anxious than the doctor. 
These parents will tend to present their children 
later in an illness than is ideal and are a little 
lackadaisical with treatment programmes (point 
4). 

One pole in this dimension, well outside the 
normal range, is characterised by a gross dis- 
crepancy between parental and professional 
views; this is Munchausen syndrome by proxy 
(point 9). In Munchausen syndrome by proxy 
parents seek health care where an objective 
professional view would suggest this is quite 
unnecessary. The difference between the 
parents’ desire to consult and the objective 
professional view of their child’s health is so 
huge that the parents have to procure illness, in 
order to force doctors to investigate and treat it. 


One step back towards ‘normal’ are familis 
where symptoms are invented or grossly 
exaggerated by the parents (point 8). These 
and the Munchausen syndrome by proxy grours 
both fall into the category of factitious illness. 
Between this group and normal but punctilious 
health care seeking behaviour (point 5) lE 
parents who are insistent on specialist medical 
attention and show over zealous or intrusiv2 
attention to detail of treatment regimens for 
existing conditions (point 7). These parents ar= 
distinguished from those of factitious illness b7 
virtue of the symptoms being neither invented 
or grossly exaggerated, but dwelied upon and 
taken round many different specialists. 

The other pole of the dimension concerns 
parents who also show a great difference ın th- 
level of concern that they show, compared witL 
a ‘professional’s’ view. These parents (point | 
show classical neglect of their children’s health 
ignoring obvious ill health. Those with a slightly 
greater desire to consult (point 2) include =€ 
group of parents who jeopardise the health o- 
their children because of late presentation with 
serious illness or sporadic attention to treatment 
More common again (point 3) are various forms 


of non-adheren-:e with treatment regimens which 
snade in to the ncrmal range’ (points 4, 5, 6). It 
is likely that community paediatricians see 
more of this 2nd of the spectrum than do 
hospital paed etrizians, except where children 
have a serious chronic illness that should bring 
them to clinics ind should receive treatment. . 


SECOND DIMEN SION— ABILITY OF PARENTS TO 
DISTINGUISH THE CHILD’S NEEDS FROM THEIR 
OWN 

In paediatrics, children are seen whose parents’ 
behaviour is et al. points of the spectrum in fig 
1, but specialss<s are more likely to see an excess 
of children arc parents from points 6 upwards. 
‘Though this eralrsis is helpful in examining the 
parents’ desire td consult and the degree of 
discrepancy trom the ‘objective’ professional 
view, further cluzidation may be gained if the 
links between -he two ends of the spectrum are 
made. This -cvclves analysing the behaviour 
along the dimension of the parents’ ability to 
distinguish tke child’s needs from their needs. 
For ease, three groups can be identified. 

(a) Parents who cannot distinguish their 
needs from tke child’s and who will satisfy their 
own needs ficst (point 1, neglect and point 9, 
Munchausen 37ndrome by proxy). 

(b) Parents vhose ability to distinguish their 
child’s needs 5 severely compromised, so that 
the child’s n2sds will be heeded variably and 
inconsistently pcints 2, 3, 7, 8). 

(c) Parents who can adequately, though 
variably, distr guish their needs from the child’s 
(points 4, 5, €L 

Expressed waagrammatically (fig 2), the result 
of applying this categorisation to the previous 
figure is to dncnstrate the similarity between 
the two ends > the spectrum. 


Section B 
FACTORS AFFECTING THE PARENTS’ 
PRESENTATION OF THEIR CHILDREN AT MEDICAL 
FACILITIES (CCNSULTATION BEHAVIOUR) AND 
THEIR ABILITY TO DISTINGUISH THEIR CHILD’S 
NEEDS FROM THEIR OWN 
All cliniciansare aware that factors in parents are 
significant m effecting which children are 
presented tc paediatricians in their clinics. 
Maternal mental health has been shown 
to affect atterdance rates in outpatients.” In 
all situations, several other factors may affect 
the parent and child dyad in altering their 
likelihood of :eeking health care in response to 
symptoms in the child or anxieties in the parent. 
Many of the fectors in parents will affect both 
their consultac:ion behaviour and their ability to 
distinguish their child’s needs. It is likely that 
the same factors affect all parents and children 
and result in the_r occupying different points on 
the spectrux at different times. It seems 
intuitively ua ikely that any parent would move 
though many ‘points’, but this merits much 
further researzh. 


Factors 1n the hid: 
(a) The child’s tendency to experience somatic 
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symptoms, and other aspects of mood and 
temperament (anxiety, depression, histrionic 
traits). 

(b) The history of the child: previous or 
coexisting illness in that system or a serious 
illness earlier ın the child’s life. 

(c) Learning that physical symptoms elicit 
parental attention better than other signals. 


Factors ın the parent: 

(a) Intellectual ability: inability due to low 
intelligence to recognise the importance of the 
physical symptom in the child. 

(b) Extreme youth. 

(c) Social circumstances and stresses: distrac- 
tions, difficulty with partner, finance, job or the 
parent’s or family’s health, bereavements. 

(d) Mental health: anxiety, depression, or 
other psychological or psychiatric problems 
including psychotic illness. 

(e) Early experience combined with persona- 
lity and social factors. In general, the evidence 
suggests that having one’s own needs met in 
childhood makes a parent more likely to be able 
to meet their child’s needs, but individual 
parents’ histories are not easy to analyse cate- 
gorically. 

These issues figure prominently in the expla- 
nations for the behaviours of the Munchausen 
syndrome by proxy mother.'® Though the 
mechanisms and personal histories require much 
further study, it is evident that a group of 
women derive gratification from the medical 
and nursing attention gained when their children 
are in hospital or under medical investigation. 
Research, though anecdotal, suggests these 
women have a history of abusive experience in 
their own childhoods, have abnormal ulness 
behaviour themselves, possess a variety of 
unusual personality traits, and are single or in 
unsupportive relationships (C N-Bools, personal 
communication). !° These mothers seem to adopt 
this pattern of behaviour as a result of a 
combination of inherent personality characteris- 
tics, early experiences, a later personal predica- 
ment, and the demands/availability of children 
as a source of vicarious satisfaction. There is a 
suggestion that once this pattern of behaviour 
has developed, it is very difficult to dislodge. 


Factors in the under family: 

(a) The general tendency to somatise or to be 
stoical. 

(b) Different cultural groups have been 
shown to vary in relation to frequency of 
presentation at clinics. 


Factors in society: 

(a) Factors increasing general anxiety about 
health, for example, a recent meningitis out- 
break. 

(b) Factors resulting in a decrease in presen- 
tations, for example a recent scandal such as 
media attention to doctors’ ‘reporting’ of 
parents to social workers. 

It will be obvious that al! the factors interact 
with each other to alter the likelihood of any 
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particular parent and child consulting for, 
ignoring, or inventing any symptom. 

We shall now turn to the management of 
those children where presentation to the paedia- 
trician suggests that a diagnosis of factitious 
illness may be considered; in other words, 
where parental concern for their children’s 
health is very excessive, and illness may be 
invented or procured. It should be emphasised 
that this is an analysis that concentrates upon 
understanding parental behaviour. Children may 
or may not have organic illness of varying 
degrees of severity, whatever their parents’ 
behaviour. 


Characteristics of children presented with 
factitious illness 

(1) The initial presentation which alerts the 
paediatrician is a child whose mother describes 
numerous physical complaints: usually more 
than five, often more than 10. These complaints 
are often presented in a confused picture 
including both physical and behavioural symp- 
toms and not conforming to any easily recogni- 
sable condition. 

(2) The child will be presented with symptoms 
which are unusual or serious, but also are 
either: (a) by their nature unverifiable, for 
example sudden pain in the penis or (b) though 
striking, not corroborated, for example red 
motions, blood in the urine. 

(3) The history given by the parent is justified 
m an unusual way: (a) the explanations for 
symptoms are often bizarre or (b) after repeated 
discussion these explanations are tenaciously 
retained. In order to continue to hold to this 
belief supposed witnesses will be advanced in 
support. These ‘witnesses’ often have status to 
emphasise their reliability (friends or neighbours 
with medical, nursing, or paramedical training, 
general practitioners). 

(4) The children show few if any physical 
signs and those found are incidental to the 
presenting complaints. 

(5) There are extensive claims of serious 
illness that has been identified at other 
hospital(s). 

(6) The patients are usually accompanied only 
by their mothers, rarely by their fathers. 
Mothers often give a history of illness themselves, 
usually with little detail that can be verified. 

Despite the striking and extensive histories 
that these patients produce, the factitious origin 
of the symptoms frequently goes unrecognised. 
A number of factors contribute to this. 

(1) Few patients exhibit all the features. 

(2) The possibility of factitious illness 1s not 
considered, medical training tending to place 
emphasis on a rather narrow form of information 
and history gathering. 

(3) The parents hide from the paediatrician 
the complex pattern of previous medical care. 
Superficially, an innocuous history of contact 
with other professionals is given; tn a busy clinic 
this can easily elicit the further investigations 
the parents seek. 

(4) A trivial positive finding or abnormal 
result, either on history or with investigation, 
can mislead the paediatrician who focuses on 
this. Such a focus obscures the overall picture. 
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(5) It is only with attention to detail and 
corroboration of the history that the complex 
picture emerges and this usually requires a 
number of assessments. 


Assessment and management 

Rarely will a firm diagnosis be established at the 
first assessment and factitious ulness 1s likely to 
be only one of a number of more or less likely 
diagnoses. Several steps are necessary in the 
painstaking process of establishing the diagnosis, 
and both parents must be invited to appoint- 
ments. 


STAGE ONE 

First, a very detailed history 1s required of the 
child’s illness past and present. This would 
seem a routine element in any paediatric assess- 
ment but when factitious illness is considered in 
the differential diagnosis, the details need to be 
much more precise. It must be established 
exactly who is supposed to have seen what, 
when and where; both the details and parents’ 
agreement to these details should be recorded in 
the notes. Despite the account being carefully 
agreed, contact with the ‘witness’ often fails to 
verify the story. Exactly the same precision is 
required in gathering the history of contact with 
other medical services. 

Second, a detailed history of illness in siblings 
and parents 1s required. The family’s current 
social circumstances, stresses, and supports 
merit inquiry. 

Third, the child must be examined and the 
appropriate preferably non-invasive investiga- 
tions performed to exclude truly likely physical 
explanations. 

Fourth, the previous medical records of child 
and siblings and, where necessary, parents must 
be pursued and scrutinised. This is time con- 
suming but crucial if a full picture of the 
family’s pattern of illness and health care 
seeking behaviour is to be understood. It is this 
process that reveals the complex pattern of 
contact with medical services. Previous contacts 
might have been suppressed, unremarkable 
events may have been embellished by the 
parents, completely false stories may have been 
given or addresses of fictitious hospitals given. 
Parents may try to frustrate the search by 
suggesting it is fruitless, for example ‘the 
hospital has now been burnt down’, or transferred 
elsewhere, ‘Dr X had already tried to obtain the 
records but they were not available’. The 
unwary might take these apparently helpful 
suggestions at face value. 

Permission to seek records from other agencies 
should be sought. 


STAGE TWO 
Equipped with the detailed history and records, 
the clinician may now have a high level of 
suspicion that he or she is dealing with factitious 
illness. The management is still no different 
from any other unusual or puzzling presentation. 
It is essential to see the child when the 
symptoms are present. It may be obvious at this 
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visit that some significant organic disease has 
been overlocked in which case the child will 
present with the appropriate symptoms and 
signs. 

With factitious illness, the parents show great 
ingenuity at evading this contact. The symptoms 
will occur at a ime when it is judged inappro- 
priate to attend the hospital (for example in the 
early morning). Problems with transport will be 
used as an e+cuse, or the child will be taken to 
another facility (general practitioner, another 
department of one’s hospital, a laboratory, 
another hospital) with the symptoms. Many of 
these excuses cen be forestalled by making sure 
the parents 1ave transport to the hospital, a 
letter of introduction, and know exactly where 
to attend in the hospital. 

Despite obsessive attention to the detail of 
these acrang2ements, with factitious illness a 
number of outcomes is likely. The child will not 
present at the hospital despite continuing symp- 
toms because the symptoms will have been 
judged to have failed to reach an arbitrary thres- 
hold which the parents feel would have justified 
attendance at the hospital. Sometimes, often 
after repeated requests, the child will be presen- 
ted with dramatic symptoms but no abnormal 
finding is ident-fied on physical examination or 
with investigation. 

A firal poss.bility is that the child is not 
presented to “he hospital with the symptom that 
was the focus of the previous consultation, but 
the excise given at the next appointment is 
that a different symptom has been troublesome. 
(Doctor: ‘He hasn’t been troubled by the red 
motions sinc: I last saw you, then? Mother: 
‘No, but he’s cone yellow... but you didn’t 
tell me to bring him up if he went yellow’.) 

In the course of a number of outpatient 
consultations, te typical mother will introduce 
new complamts and symptoms and wil not 
appear reassured or enlightened by: 

(a) Careful explanation that her child shows 
no signricant ilf health. 

(b) Orfers of benign explanations for previous 
symptoms. 

(c) Reopeming and explaining patiently the 
history of a previous medical contact which has 
shown no s:gmificant illness, but which the 
mother =hinks kas demonstrated one. 

(d) Constr active refusal to carry out further 
investigations because the child 1s well. 


STAGE THREE 

At this point tte paediatrician is under serious 
pressure to admit and reinvestigate the child on 
the grounds of vague maternal complaints, 
exposing the caild to interruption of normal 
routine and schooling, painful tests, and possible 
risks frem radicgraphy etc. The threat is always 
present somewhere in the paediatrician’s mind 
that he or she might be ‘shown up’ by missing a 
rare illness, or, that greater humiliation, an 
opinion will be sought from another colleague 
who wili revecl this unusual condition. We 
suggest that rf tais aspect of medical thinking is 
recognised ard rf the possibility that the sickness 
might b2 presert in the form of factitious ulness 
has been emtertained, then the paediatrician 
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should give careful consideration to the parents’ 
health care seeking behaviour in the dimensions 
outlined previously: their ability to distinguish 
their child’s needs from theirs, and their level of 
concern compared with ‘objective’ professional 
appraisal. When thinking about the psycho- 
logical make-up of parents reaches this level of 
complexity, it is suggested that the most fruitful 
investigation to undertake is a consultation with 
a child psychiatric colleague. If conversation 
with these colleagues suggests an assessment by 
the child psychiatrist should be made, this 
recommendation is made to the parents by the 
paediatrician. 

The most important determinant of whether 
or not the parents will accept this is the 
conviction the paediatrician has that the consul- 
tation will be helpful. A mother who senses that 
the paediatrician has listened to her carefully 
and has her child’s welfare at heart seems able to 
accept his assurance that referral to a child 
psychiatrist, which she might not particularly 
welcome, can be helpful. The paediatrician 
must convey with confidence that he is not 
trying to dispose of a problem, and that 
psychiatry ts neither unnecessarily stigmatising 
nor unhelpful. 


The role of the child psychiatrist 

The training of child psychiatrists involves 
acquiring a combination of skills that are 
relevant to this situation. Initially their training 
is with the adult psychiatrically sick and only 
subsequently with children. Earlier generic 
medical training (often, also as junior paedia- 
tricians) equips child psychiatrists to understand 
and have a physician’s view of organic sickness 
in children and adults. Subsequent postgraduate 
clinical work in child psychiatry involves 
constant assessment of interactions between 
parents and children, so that a vocabulary to 
describe relationships is readily available. As a 
result, the child psychiatrist can make a contri- 
bution as follows: 

(1) In assessing the degree of psychological 
disturbance suffered by the child and forming a 
view of the aetiology of this and planning 
management. 

(2) Examining the parent(s) and assessing 
their mental well being, personality functioning 
and current relationships, stresses, and 
supports. 

(3) Examining current interactions between 
parents and child (and other family members 
where possible) and giving consideration to the 
likelihood of this family responding to interven- 
tion. 

These assessments will be made through 
routine child psychiatric history taking, which 
involves systematic examination of the child’s 
history, development, and family background. 
This includes re-examining the parent’s own 
history in some detail with careful attention to 
issues (such as parental illness and illness 
behaviour, psychiatric illness including depres- 
sion, a history of physical and sexual abuse, 
child rearing and relationship difficulties) that 
may be highly relevant to the aetiology of 
factitious illness. In addition, if not established 
earlier, the viewpoints of independent sources, 
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such as the child’s school, health visitor, and 
other parents and grandparents will be looked 
for. 

In summary then, the child psychiatrist 
presents an understanding of the child’s symp- 
toms in the context of his predicament.'* Both 
the history of parent and child, the way in 
which it is given, and the relationships seen in 
the interview, will enable the child psychiatrist 
to present a view of the issues relating to the 
child’s symptoms, and a view of factors affecting 
parental health care seeking behaviour. 


Further management 

On meeting after the child psychiatric assess- 
ment, paediatricians and child psychiatrists may 
agree the child is at serious risk of preventable 
physical or emotional harm where a parent is 
damaging the child’s health through procuring 
sickness, or endangering it through repeated 
hospitalisation, investigations, and time away 
from normal life. The local authority may need 
to be consulted with a view to calling a case 
conference. Consulting Professor Meadow’s 
outline of management is useful. !? 

In these very serious cases, any legal action is 
taken against a background of assessment of a 
broad range of physical and emotional capacities 
in child and parents. If subsequent events result 
in permanent separation of parent and child, 
professionals may have later involvement with 
the child if (as often occurs), he or she has had a 
mixture of mild physical illness with factitious 
illness, or because of psychological illness 
resulting from the emotionally abusive environ- 
ment. 

We have experience of several other outcomes. 
In the most optimistic cases the psychiatric 
assessment enables the mother to feel accepted 
and her predicament understood, perhaps in a 
more profound way than has happened before. 
If such trust develops, any necessary psychiatric 
treatment for parent and child may be possible 
using individual and family treatment approaches 
that will not be detailed here.!° '* A psychiatric 
social worker, play or other individual therapist 
may have a role. Physical complaints rarely 
disappear however, and close monitoring of 
health care seeking with regular physical 
examination and reassurance is necessary. The 
child psychiatrist’s medical qualification is help- 
ful here in allowing regular limited examination 
at the psychiatric appointments as well as 
containing anxiety between paediatric visits. 

In these cases, flurries of new physical 
symptoms are often related to new life stresses 
end the family may start to recognise and 
acknowledge this. The pattern is described to 
the family and accepted by both paediatrician 
and psychiatrist; it is not criticised or rejected; 
improvement does not depend on the mother 
achieving insight. The general practitioner needs 
to understand the pattern and hold the mother’s 
anxiety by encouraging her to phone for re- 
assurance and not to seek new referrals. A 
period of several months or years of continued 
paediatric and psychiatric attendance (without 
unnecessary investigations and admissions) is 
usually required and continued intermittent 
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surveillance may prevent further episodes. 
Junior staff need careful supervision to prevent 
their interrupting the treatment process with an. 
unnecessary admission, perhaps after a call 
from a locum or deputising doctor who does not 
know the family, but not all such crises can be 
prevented. 

In other cases, the psychiatric assessment 1s 
permitted and some greater understanding of 
aetiology and current dynamics 1s gained, but 
the mother cannot be engaged in treatment 
either on behalf of her child or herself. Some- 
times she will continue to attend the paediatrician 
and through laison meetings the psychiatrist 
may continue to have a role in ensuring and 
promoting the child’s emotional development. 
Collaboration with other professionals and care- 
ful containment of new consultations is neces- 
sary, as above. 

A further outcome occurs when parents 
depart from attendance at paediatric and psy- 
chiatric clinics simultaneously and restart the 
process of consultation for factitious illness 
through their family doctor with a new set of 
specialist appointments. Pointing out the pattern 
to the newly recruited professionals is usually 
fruitless, unless they have some experience of 
factitious illness and understanding of the 
dynamics of parental health care seeking and 
consultation behaviour. 

Further work may involve setting up good 
communication with general practitioners, 
health visitors, and community services where 
attendance at hospital appointments is sporadic 
but where the risk of a new bout of seeking 
specialist opinions remains. The general practi- 
tioner serves as an excellent gatekeeper but may 
need support; health visitor and community 
services monitor the child’s school attendance 
and normal physical development. A number of 
children have mild chronic illnesses (constipa- 
tion, an occasional urinary tract infection, mild 
asthma) that can become the kernel of a new 
bout of factitious symptoms unless viewed 
objectively in terms of severity. 


Characteristics of mothers 

The mothers we have engaged in psychiatric 
treatment, themselves only a small percentage of 
those who are seen by the child psychiatrist, are 
a disturbed group of women in terms of 
parenting abilities (in the broadest sense), 
personality functioning, and ability to form 
relationships. All have had early experience that 
was abusive at an emotional or physical level, 
although on occasion this is suggested rather 
than actively acknowledged. Although these 
mothers’ capacity to cope with current difficul- 
ties without presenting their child for paediatric 
care can be supported, their own concurrent 
psychiatric difficulties treated, their child helped 
to independence of maternal symptom produc- 
tion, and they themselves helped to find ways in 
which some personality maturation may take 
place, they remain highly vulnerable to usin 
this method of meeting their own needs.” 
Even so, we believe strenuous efforts to engage 
these families in treatment are worthwhile in 
terms of the quality of life for the children, even 
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before considering the savings in unnecessary 
hospital stays anc investigations. 

The children who stay within families where 
factitious illness is common have not beer 


studied extensively. Retrospective studies of 


adults with abnormal illness behaviour would 
suggest that this may be one of the outcomes. '* 
The extent to which it is proper to generalise 
from less unusual health care seeking parents 
‘for example parents with psychosomatic illness 
or anxiety) to examine the results for families 
with greater parental health care seeking 
behaviour and less ability to distinguish their 
child’s needs 1s unknown. 


Conclusion 

We have presented a model of collaborative 
working in assessment and treatment of parents 
and children where factitious illness is considered 
a likely part of the differential diagnosis. We 
would emphasis< that a known ordinary physical 
illness explaining part of the symptoms iş 
common, and this only increases the need for 
collaboration because of the complexities. A two 
dimensional sp2ctrum categorising parental 
behaviour is advanced, which requires validation 
clinically. Collaborative research between child 
psychiatrists and paediatricians will elucidate 
this area further. The strength of the collabora- 
tion rests on the understanding, achieved jointly, 
of the child’s physical and emotional state, the 
parental capacittes and their predicaments. This 
is in contrast to a sequential model in which 
referral to the ck_ld psychiatrist follows exclusion 
of a physical cause for symptoms and ıs usually 
a transfer of cere. (Of course this sequential 
model may also be appropriate in straight 
forward cases o7 hysteria, or psychiatric illness 
presenting with physical symptoms—for 


Eminson, Postlethwaite 


example anorexia nervosa, depression presenting 
with abdominal pain.) It is generally accepted 
with recurrent symptoms in children that the 
dialectic of physical versus psychological be 
rejected i in favour of more complex categorisa- 
tions.’ The pattern of paediatric and child 

psychiatric cooperation we have evolved to meet 
the extreme challenge of factitious illness in 
children offers a paradigm of paediatric—child 
psychiatric cooperation adaptable for a much 
larger area of paediatric practice. 
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LETTERS TO 
THE EDITOR 





Fourteen cases of imposed upper airway 
obstruction 


Sir,—When pointing out the difficulty with 
covert video surveillance for the detection of 
imposed upper airway obstruction, Samuels et 
al suggest that suffocation can be diagnosed by 
using physiological recording.’ They say, ‘the 
pattern considered suggestive, but not diag- 
nostic of imposed upper airway obstruction, 
was regular breathing which was suddenly 
interrupted by the onset of large movement 
artefact on the breathing movement signal in 
combination with a pattern of obstruction— 
that is, continued breathing movements, 
absent aur flow, and a gradual fall in Sao, 
{arterial oxygen saturation]’. In the abstract, 
they claum these are ‘characteristic findings’, a 
view now propagated in an editorial in the 
Lancet.” 

Despite their clam, these findings cannot 
be considered pathognomic of suffocation. 
There are many natural reasons for such 
findings, for example, back arching, fitting, 
or obstructive apnoea The figure dlustrating 
suffocation does not fulfil their own criteria 
Absent air flow was not confirmed. There was 
no tachycardia or bradycardia. The movement 
monitor showed increased movement but at 
the same rate as the normal breathing. 

The following case ulustrates the difficulty 
of interpreting data recorded during an apnoerc 
episode without a visual record of the event A 
healthy 3 day old term mwnfant was monitored 
with two staff and the mother present. Heart 
rate, oxygen saturation waveform, oxygen 
saturation, chest movement, and respiratory 
frequency were recorded. The video recorder 
was not working so there was no permanent 
visual record The recording started normally. 
The baby then suddenly stiffened, arched her 
back and became blue. The mother picked her 
up and patted her back. The recording 
showed movement disturbance and initia! 
tachycardia followed by bradycardia. The 
oxygen saturation was disturbed by movement 
Breathing slowly re-established spontaneously, 
the heart rate rose, and the oxygen saturation 
signal returned. As breathing became more 
regular, tachycardia occurred and the infant 
cried, again disturbing the signals and thus 
their interpretation. 

Subsequently, it was difficult to correlate 
what happened with the recording. Without 
video recording the staff and mother were 
unable to distinguish the effect on the recording 
of the mother’s action and the infant’s condi- 
tion. The recording of this naturally occurring 
episode 1s virtually identical to the description 
of Samuels et al ‘characterisuc of imposed 
upper airway obstruction’, although of course 
there was no suffocation. 

If the ideas of Samuels and his colleagues 
are accepted mothers of apnoeic babies will be 
under suspicion because they were alone when 
the baby had apnoea. The infants may be 
submitted to phystological recordings which 
could be used to ‘form documentation which 
may be invaluable as evidence to confirm 
abuse’. Those working ın child abuse must 
appreciate that physiological recordings, with- 
out sumultaneous video recording showing 
suffocation, cannot be used to ‘confirm abuse’. 


If we are persuaded by this paper to accept 
this technique of diagnosis, innocent mothers 
may be accused of a serious crime from which 
they will find it hard to defend themselves 


COLIN J MORLEY 


Unrvernty of Cambridge iy (pare of Paediatrics, 
ao Level 8, Addenbrooke’s Hospital, 
Cambnidge CB2 20Q 


PAUL JOHNSON 
Un of Oxford, 


Nuffield Department of Obstemcs and ; 
i Joka Radcliffe Hospital, 


Maternity 
Headington, 
Oxford OX3 9DU 


UNA MacFADYEN 
Neonatal Umi, 


Matermty Hospual, 
Lacester LEI SWW 


HAMISH SIMPSON 
ent of Child Health, 


University of Leicester, Chal Sciences Building, 
á PO Box 65, 


l Samuels MP, McClaughlin, Jacobson RR, 
Poets CF, Southall DP. Fourteen cases of 


imposed upper airway obstruction Arch Dis 
Child 1992;67:162-70 


2 Anonymous Puma recurrent suffocatton 
of children. Lancet 1992,340:87 


Professor Southall and Dr Samuels comment: 
Morley et al offer no data to substantiate the 
opinions in their letter. They have selected out 
of context statements which presumably 
support their view that both physiological 
recordings during apparent life threatening 
events (ALTE) and features of the parental 
history cannot be used to identify those 
infants, possibly suffering imposed upper 
airway obstruction, who should undergo covert 
video surveillance (CVS). For example, the 
first two sentences contain conflicting state- 
ments concerning ‘diagnosis’. 

Without an opportunity to examine the 
physiological recording they propose to be 
identical to the pattern we find suspicious, it 1s 
clear that, by definition, their described event 
could never be due to umposed upper airway 
obstruction because two staff members were 
present when it began One of the most 
important features of physiological recordings 
during imposed upper airway obstruction 1s 
that the event begins in the presence of the 
perpetrator alone and does not correlate with 
the history given (for example, the parent 
might state that the infant was asleep when the 
recording will clearly show a pattern consistent 


with being active and awake) 
Unfortunately imposed upper airway 
obstruction, as well as fabmcated data 


(Munchausen syndrome by proxy), represent 
frequent mechanisms for recurrent ALTE. In 
a recent study (submitted for publication) 
ALTE 1n four of 109 patients presenting with 
recurrent episodes were due to suffocation and 
seven of 109 involved the fabrication of data. 
In addition, in a prospective study involving 
the confirmation by third parties of the 
histories given by the parents of infants with 
recurrent ALTE proved to be due to natural 
mechanisms, it is usual for a proportion to 
begin in the presence of other observers (data 
under collection) 

We receive between one and five patients a 
week for the investigation of ALTE from all 
over the UK and have almost daily experience 
in the interpretation of physiological recordings 
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during ALTE. Morley et al offer no such 
experience in their letter, in presentations, or 
in published papers They offer no suggestions 
as to how imposed upper airway obstruction 
should be diagnosed, if not as suggested in our 
paper (see abstract for summary). We do not 
use physiological recordings alone as evidence 
for this form of child abuse We use them 
as evidence which ıs objective. We combine 
the physiological data with all of the other 
clinical history, including validation of the 
observation of the onset of ALTE, and use 
this information to justify CVS. We will only 
go to a child protection case conference 
without video evidence if the latter ıs 
impossible to obtain. If CVS 1s prevented or 
fails, we will present physiological recordings 
to the court as evidence in context with all the 
other data, if there 1s agreement by a mulu- 
disciplinary child protection group that 
imposed upper airway obstruction is the 
probable mechanism for recurrent hypoxaemic. 
episodes. 

Our increasing expertence with physiological 
recordings during unposed upper away 
obstruction and during other ‘natural’ dis- 
orders causing ALTE will be published wher 
it 1s ready for peer review. In the meantime, r 
would be much better 1f Morley et al collectec 
data on recurrent ALTE so that they coulc 
argue convincingly with our approach In thr 
absence of data, their ‘beliefs’ could inhib. 
paediatricians and the court from identfying 
this dangerous form of child abuse. 


Vulvovaginitis 


SiR,—I was interested in Pierce and Harts 
report on this subject which provides impo - 
tant confirmation of the association with pocr 
hygiene and the low incidence of urinary tra :t 
infection.' I was disappointed, however, not o 
see discussion of the use of topical oestrogen n 
this situation. Dewhurst in his monograph 
states authoritatively that ‘for the majority «f 
patients with a discharge due to low-grace 
bacterial infection the most satisfactory tre=- 
ment 18 local oestrogens’.” I have always fourd 
this advice useful in my own practice. 


PETER SMAL 

Royal Aberdeen Children’s ste i 
Cornhill Roc, 

Aberdeen AB9 27G 


1 Perce AM, Hart CA Vulvovaginitis. causes and 
management. Arch Dis Child 1992367:509-1z2 
2 Dewhurst CJ. Practical pediatric and adolescent 


gynecology New York. Marcel Dekicr, 
980 87. 
Dr Pierce comments: 


In the senes we used topical oestrogens 
routinely ın the treatment of labial adhesioas. 
In the early part of the study we also used it in 
some cases of vulvovaginitis but now rarely lo 
so. We found that treatment of a trggerng 
factor such as threadworms, bacterial infecton 
or constipation, coupled with strict attenton 
to hygiene was more effective. In addition we 
found that the oestrogens sometimes increa-ed 
the redness and irritation, and often he 
vulvovaginitis recurred after the treatm=nt 
was stopped This led to concerns that, in 
spite of instructions to the contrary, the cream 
would conunue to be used with the danger of 
absorption of oestrogens 


DD 


Vulvrvaginitis and ragiral pH 


SR—We read wit interesi the article by 
Pierce and Hart on -ulvcvazinitss'; there was 
only 232e patient less than 12 months of age in 
the 200 cases. Tzey cnenuoned that th: 
vagimi mucosa of the newbern girl ıs affected 
by maternel oestrogens, the effect of which 
decreases until aboot 6 oionths of age. Ir 
femel»; of reprodu>twe aze the vaginal pH re 
acid as a result Di oestrozenic stimulator 
and tke colonisation of the vagina by the 
lactchacillus.? We stadied me vaginal pH ic 
debies Jess than & months tc determine if we 
could detect a dec iming destrogen effect om 
che veginal mucosa 

Tkirzy exght bab:ez, ingatents in the Cork 
regional Hospital emd St Finbarr’s Hospital, 
were examined. Agez rangei from 2 to 216 
days. “he vaginal pHi was measured using 
bÞiultstiz (Ames, Berer Diagnostics) which 
have a pH range from 5~3-= The indicators 
for b-cod, ketones, ez, were cut off, leaving 
the pHi indicator at zi + tip of the strip, which 
was ta22 cut lengthwevs inco -hree strips. The 
indicetcr stick wa3 gently placed in the 
ntrocus until moisterad by me vaginal secre- 
toas- Secretions were scanty efter the first 6 to 
8 weeks and there wax somet.mes doubt as to 
whetker or not these hed been a colour 
chenge, In this situa.on “he procedure was 
repeaec, leaving e pH 3tizks in place for 
aacur thirty seconds. The reading was then 
omitted if the indicate paper was not wet. 

The results of the study (figure) show that 
there was a distinct c~ange ia vaginal pH at 
about £ weeks (about 50 days). It 1s possible 
that tae pH could kae been less than 5 on 
three >ccasions as thas was the lower lmit of 
tke ranz2, but the velhes were recorded as 5 
The mean (SE) vaginal pE, ander 8 weeks, 
was fomad to be 3izrficaatly lower at 5-7 
(C0-28) than the mean pH, o~er 8 weeks, at 
7 13 (32) (p<0°001. 

We conclude thar here 5 a significant 
change in vaginal pH at around 8 weeks of 
age. WecKiernan kas prevously studied 
hcrmonal effects in kaes using breast tissue 
es a ‘b.cessay’ > His fir dings vere at variance 


Vaginal pH 





0 60 120 186 240 
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Cross sectional study of vaginal pH in babies up 
to 8 months of age. 


with the suggestion that maternal oestrogen 
was the only source of the oestrogen and it was 
likely that endogenous production of hormones 
may also be important. The changes in vaginal 
pH are chronologically different to the changes 
in breast development in infancy, but the 
endocrine basis for this difference is unclear. 
The relative resistance of babies to vulvo- 
vaginitis in infancy may be due to an oestrogen 
effect in early infancy but our study suggests 
that this effect does not persist beyond the 
first eight weeks of life. 


1 Prerce AM, Hart CA, Vulvovaginitis causes and 
t. Arch Dis Child 1992;67:509~12. 

2 Cruickshank R, Sharman A. The biology of the 
vagina m the human subject. Journal of 
Obstetrics and Gynaecology of the British 
Commonwealth 1934 ,41:190-266. 

3 McKiernan J Postnatal breast development of 
preterm infants Arch Dis Child 1984,59: 
1090-2. 


Fever associated with teething 


Sirk,—I was most interested to read the 
attempt by Jaber et al to investigate the 
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relationship between teething and fever.’ They 
suggested that teething is indeed associated 
with a low grade fever. There may, however, 
be a fundamental flaw to their study. The 
eruption of a tooth is not a single identifiable 
event but rather a process that takes place over 
many days. The emergence of the tooth from 
the bone is followed by a swelling of the gum, 
hardening of the surface, the first vague 
eruptions of the tooth through the gingival 
mucosa, and finally the complete emergence 
of the tooth. How then can a parent decide 
when her child is ‘teething’? Quite easily, the 
day in which he is unwell and miserable from 
an incidental infection! 

Whale the author stated that eruption of the 
tooth was verified at hospital, the lack of 
definition of that eruption suggests to me that 
indeed it was not closely defined. It may be 
that if the authors were to attempt a definition 
of eruption, they would have difficulty, as the 
mother’s views of that would vary consider- 
ably. 


A A MASSARANO 
Royal Manchester Cues Hosmual, 


Manchester M27 IHA 


1 Jaber L, Cohen IJ, Mor A. Fever associated with 
teething. Arch Dis Child 1992,67:233-4. 


Drs Faber and Cohen comment: 

Dr Massarano can be assured that it is possible 
to determine when the tooth had erupted. It 
may be felt, seen, or even heard when a spoon 
or cup is used to elicit a distinct ‘ping’. 

This, we agree, is a continuous process. 
Several colleagues have written to us to report 
a drop in fever after the tooth erupts, and 
describe such cases when the gums were 
lanced. This does not seem to occur if other 
teeth are about to erupt. 

The tooth may not only push its way 
through the gums but a process of gum 
reabsorption may precede the tooth. The 
factor responsible for this effect could be 
responsible for the systemic effects we have 
described and would cease when the tooth 
erupts 
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Idiopath:c thrombocytopenic purpura, management guidelines: current 
topic, 1056 
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Magnestrum sulphate, for severe persistent pulmonary hypertension, 
newborn, 31 fn 
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956 
Metabolic acidosis, newborn infants annotanon, 767 jn 
Merabolic adaptation 
impaired, prediction by antenatal Doppler studies in small for 
gestational age fetuses, 789 fm 
patterns, preterm and term infants, first neonatal week, 357 Jn 
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neonatal, and enterobacteriaceae, 53 fn 
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Portal tract mononuclear cell infiltrate, in chronic aggressive hepatitis, 
immunohuistochemucal features, 1447 

Posiuoning, effect on breathing pattern, preterm infants, 312 
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